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Abstract
The two principal human responses to climate change are adaptation and mitigation. A 
small, but growing, number of scientific and professional efforts are focusing toward 
adaptation, as it becomes clear that mitigation efforts alone can no longer effectively 
minimize the negative impacts of climate change. Local governments are well suited to 
undertake proactive adaptation measures due to their abilities to apply social capital, act 
quickly, and implement actions that can provide direct benefits for residents.
Like many northern communities, the City of Prince George, Canada, has been experiencing 
rapid rates of climate change. City practitioners have been responding to changing 
conditions in the region for years, and expressed interest in formally exploring adaptation 
with researchers. During a focused one-day workshop, an overview of climate change and 
past climate trend and future projection information were presented to local staff and 
stakeholders, and applied to determine impact priorities. The workshop outcomes were 
triangulated with community feedback to create an adaptation strategy for Prince George. 
Changes to forests and increased flooding are the top local priorities, and impacts related to 
transportation infrastructure, severe weather and water supply are high priorities. Other 
impacts, such as agricultural changes, are important but did not rank highly using a risk 
assessment framework.
The adaptation strategy precipitated further local engagement and action. Researchers 
participated in the processes to create a sustainability plan and update the Official 
Community Plan for Prince George. Many adaptation measures were integrated into both 
documents. Factors enabling the incorporation of adaptation included the high level of local
knowledge and existing adaptation strategy. Many barriers, including limited policy 
direction and a lack of priority, continue to pose challenges in mainstreaming adaptation into 
local plans. Additional research focused on forests, flooding, transportation infrastructure, 
natural areas, and analyzing additional climatic data. Based on local expert feedback, the 
most successful adaptation initiatives related to topics that have cost implications, are of high 
public concern and/or incorporate adaptation into an existing process or policy.
Despite the large amount of research and action that has occurred in Prince George, the 
future of proactive adaptation remains uncertain due to recent local political and staffing 
changes. The lessons learned from the case study community showcase opportunities for 
local governments as they pursue adaptation, and also challenges as they strive to act with 
limited resources and direction. Outcomes highlight the importance o f internal capacity and 
external support in promoting local-scale adaptation.
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Chapter 1: Introduction
This chapter provides an introduction to the dissertation as a whole, and is not intended to be 
an exhaustive review of the concepts and literature relevant to local-scale climate change 
adaptation. Thus, only broad overarching concepts that frame the entire dissertation are 
included. Please refer to the individual Introduction sections of the data chapters (Chapters 2 
through 5) for more in-depth reviews of specific aspects of climate change adaptation. Please 
be aware that there are redundancies and repetitions throughout the dissertation because 
Chapters 2 through 5 are each written as stand-alone, publishable manuscripts.
1.1. Outline o f major concepts
In this section, some major concepts related to local-scale climate change adaptation are 
introduced and briefly discussed. These include: climate change and its impacts at global and 
regional scales; mitigation and adaptation as responses to climate change; local or 
community adaptation as a response to climate change; and the current status of adaptation 
research and action.
Climate change and impacts
Over the twentieth century the average surface air temperature on earth increased by 
approximately 0.74°C (Trenberth et al. 2007). During this same time period surface air 
temperatures increased by an average of approximately 1.1 °C in the Province of British 
Columbia (BC) (Rodenhuis et al. 2009), and 1.3°C in the City of Prince George (Picketts et
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al 2009a). In the last hundred years temperature changes have been accompanied by less 
consistent alterations in the global hydrological cycle, and both increases and decreases of 
precipitation have been observed in different regions around the world (Trenberth et al. 
2007).
There is a formidable, and growing, body of scientific evidence suggesting with very high 
certainty that the majority of the climatic changes that have occurred over the last hundred 
years are attributable to anthropogenic greenhouse gas (GHG) emissions, and not to natural 
climate variations (Randall et al. 2007). For many years there has been general agreement, or 
consensus, regarding the reality of anthropogenic influences on the climate amongst the 
global scientific community (Oreskes 2004). Recent and rapid climate change is now 
irrefutable, and there are no cogent explanations for the recent trends (in air temperature, 
precipitation and changes in frequencies of extreme events) that have been witnessed around 
the world that do not attribute a substantial proportion of the changes to human activities 
(Stem 2007). Without the effects of human interference on the climate, natural solar and 
volcanic forcings would have likely produced a slight cooling trend over the 20th century 
(Trenberth et al. 2007).
The outputs from Global Climate Models (GCMs), which are the best tools for projecting 
future climates (Randall et al. 2007), show that earth’s surface air temperature is likely to 
increase by 1.3 -  1.8°C by the 2050s, depending on the uncertainties in model projections, 
positive feedback cycles, and human carbon emissions (Meehl et al. 2007). BC is expected 
to warm by 1.2 -  2.5°C (Rodenhuis et al. 2009) and Prince George is expected to warm by 
1.5 -  2.5°C by the middle of the 21st century (Picketts et al. 2009a). Societies have been 
adjusting to changes throughout all of human history (Adger et al. 2009); however, the rates
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of climate change over the next century are projected to result in conditions and levels of 
variability that have not yet been experienced in modem human history. These changes will 
be overlaid upon natural cycles of variability that cause short and longer term changes in the 
climate (Salinger 2005; NZMOE 2008). Two significant cycles of climate variability that 
affect BC are the Pacific Decadal Oscillation (PDO) and the El Nino Southern Oscillation 
(ENSO) (Rodenhuis et al. 2009; Moore et al. 2010).
Even small amounts of climate change can have considerable societal impacts. Salinger 
(2005 cited Pfister et al. 1999) noted how a 0.2°C change in average temperatures in parts of 
Europe in the 16th century had far reaching effects on agricultural commodity prices, and 
even led to a tripling of beer sales due to a spike in wine prices. Therefore the impacts 
associated with the projected changes to the climate will be severe, and they will affect every 
aspect of our society. Also, in addition to impacts directly related to climate change, there is 
a myriad of other stressors on natural and human systems (including factors as wide-ranging 
as overpopulation, financial crises, soil depletion, infrastructure design, overfishing and 
obesity) that will interact with and/or compound the impacts of climate change over the next 
century.
Increases in both the mean and variation of temperature and precipitation will have many 
impacts around the world, including greater incidences of heat waves, storms, droughts and 
other extreme weather events (Salinger 2005). Climate change relates to many impacts that 
are relevant to communities in the Pacific Northwest region of North America. Some 
examples of climate-related impacts that will affect the region include effects to 
infrastructure, sea level rise, changes in species range, extreme and unusual weather events, 
river flooding and permafrost degradation (King County 2007; Rodenhuis et al. 2009;
BCMOE 2010). Sectors that have already been affected by climate change in BC include 
water resources, forestry, agriculture, transportation, tourism and health (Walker and 
Sydneysmith 2008). In a recent survey, environmental planners indicated that the most 
significant climate impacts in BC 50 years from now will relate to forests, agriculture, river 
flooding, transportation infrastructure and water quality. Planners believed that impacts 
related to forests, agriculture and increases in severe weather events will have the greatest 
effect on Northern BC in 50 years (Picketts et al. 2012a).
Climate change mitigation and adaptation
When the scientific reality of climate change became evident in the 1980s, mitigation (i.e. 
actions to reduce the emission of GHGs or enhance earth’s ability to absorb these gases) was 
widely regarded to be the only appropriate response (Rogner et al. 2007). Climate change 
adaptation (i.e. measures to prepare or adjust human and natural systems for changes) was 
viewed as an irresponsible strategy as impacts could be minimized, or avoided altogether, 
through appropriate mitigation efforts (Pielke et al. 2007; Swart and Raes 2007). Societies 
have not responded appropriately to the seriousness of climate change over the last 30 years, 
and mitigation efforts alone are no longer sufficient to avoid the impacts of climate change: 
regardless of even the most drastic cuts in GHGs, there will likely be significant impacts 
related to climate change for generations (Fiissel 2007; Klein et al. 2007; Adger et al. 2009). 
As a result of the current reality -  that actions must be taken to reduce the impacts of 
inevitable changes -  climate change adaptation has become a broadly accepted response to 
climate change and a burgeoning field of research, discussion and debate over the last decade 
(Klein et al. 2007; Pielke et al. 2007; Swart and Raes 2007; Adger et al. 2009; Ford and 
Berrang-Ford 2011; Measham et al. 2011). Adaptation can occur either proactively (i.e., in
anticipation of changes or events) or reactively (i.e., in response to changes or events)
(Fiissel 2007; Adger et al. 2009).
There are both striking differences and strong similarities between climate change mitigation 
and adaptation. Adaptation typically focuses on the short term consequences of climate 
change at the local level, and commonly provides direct benefits to those who undertake 
actions (Fiissel 2007). In contrast, mitigation generally requires broad international 
participation over long periods of time to be effective, and the positive consequences (aside 
from co-benefits) are not usually directly experienced by those performing mitigation actions 
(Smit and Wandel 2006; Swart and Raes 2007). However, the underlying goal of both 
adaptation and mitigation is to minimize the negative impacts of climate change (Adger et 
al. 2006; Swart and Raes 2007). There are considerable efforts underway to ‘merge the 
fields’ and consider how adaptation and mitigation can occur concurrently (i.e., Klein et al. 
2007; Cohen and Waddell 2009). Moving forward, adaptation and mitigation should be 
viewed as complementary responses to climate change, and not competitors (Klein et al. 
2007; Swart and Raes 2007; Bizikova et al. 2008; Cohen and Wadell 2009; Howard 2009). 
Promoting local agriculture, water conservation and compact urban form are examples of 
strategies that can simultaneously reduce GHG emissions and minimize people’s exposure to 
negative impacts of climate change (Hamin and Gurran 2009).
Climate change adaptation -  and also mitigation -  has strong links to the concepts of 
sustainability and sustainable development. Appropriate adaptation requires consideration of 
current and future climate, and also non-climatic factors and uncertainties including 
economic and social considerations (Fiissel 2007; Adger et al. 2009). When the challenge of 
climate change was identified in the 1980s, and articulated and explored further in the 1990s,
it was primarily viewed as an environmental and a scientific problem (Cohen et al. 1998; 
Burton et al. 2007). Climate change was initially viewed as an atmospheric challenge similar 
to acid rain and ozone depletion (Munasinghe and Swart 2004; Burton et al. 2007). Over 
time it has become apparent that climate change is a much more complex problem, and 
should be viewed as a long term issue that encompasses development and equity, as well as 
the environment (Burton et al. 2007). Combining climate research and action with the 
tenants of sustainable development has the potential to place the challenge of adaptation (and 
climate action) into ‘human’ terms (Cohen et al. 1998; Bizikova et al. 2007).
Swart and Raes (2007) performed an in-depth exploration of the linkages between adaptation 
and mitigation across different scales of sustainable development. Examples of how 
proactive adaptation links to the three principal dimensions o f sustainable development, from 
global to local scales, are as follows:
1. Economic considerations: analyze how adaptation should proceed through cost- 
benefit analyses; mainstream adaptation into policies and practices in efficient ways; 
avoid economic trade-offs; maximize co-benefits between adaptation and mitigation; 
identify and analyze marginal costs of adaptation and residual impacts; incorporate 
adaptation considerations into planning and development.
2. Social considerations: account for appropriate compensation and responsibility- 
sharing between global actors; seek to enable and assist international adaptation 
efforts; translate international agreements into understandable local guides and 
frameworks; identify efficient and inexpensive adaptation measures; involve 
stakeholders in decisions; enhance adaptation capacity.
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3. Environmental considerations: determine optimal and acceptable levels of climate 
change and climate impacts; determine appropriate and responsible adaptation 
policies and practices; strive to protect and maintain ecosystem health; encourage 
conservation; enable natural ecosystem adaptation; value the inherent resiliency of 
functional, connected and healthy ecosystems.
Linking climate change and sustainable development has many benefits that can be realized 
at the local scale (Bizikova et al. 2007). Combining climate and sustainability considerations 
provides many opportunities to address both goals (often simultaneously) at the local level, 
particularly during municipal planning and development stages. Also, scenarios which 
include social and economic considerations are more relevant to stakeholders and likely 
more accurate (Adger et al. 2009). This approach can help to develop and enhance linkages 
and partnerships between actors within and between organizations, and between academic 
and non-academic groups. It will assist with mainstreaming adaptation into broader plans 
and frameworks, and can be an efficient mechanism for communicating the concept of, and 
raising the visibility of, adaptation.
Adaptation at the local level
A prevalent feature associated with adaptation is its apparent focus, or applicability, toward 
local levels of government (Fiissel and Klein 2006; Fiissel 2007; Measham et al. 2011). 
There are many reasons why adaptation is commonly associated with municipalities or 
communities, including the fact that adaptation efforts have the ability to provide immediate, 
substantive and measureable benefits for a region (Fiissel 2007; van Aalst et al. 2008). Local 
leaders can also create strategies quickly and autonomously (Jacques 2006). Adaptation
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requires engagement with local stakeholders who are familiar with the region, and who can 
help to identify potential future impacts and measures to address them (van Aalst et al. 2008; 
Ayers and Forsyth 2009; Measham et al. 2011). Therefore adaptation benefits from, and also 
fosters, social capital, community engagement and public participation (Jacques 2006; Swart 
and Raes 2007; Fran9a Doria et al. 2009). Furthermore, local governments have a legacy of 
being global leaders in climate action (Rosenzweig et al. 2011). Therefore it is logical that 
cities and towns continue to be leaders in the field of adaptation, as they have for decades in 
mitigation.
Communities in developed nations have many resources available to them as they adjust to 
changes and begin to prepare proactively for anticipated impacts related to climate change 
(Jacques 2006; Smit and Wandell 2006; Fiissel 2007). The increase in focus toward 
adaptation as a response to climate change has led to a considerable number of guides and 
case study examples for local governments (i.e., Bruce et al. 2006; King County 2007; Parks 
2007; Snover et al. 2007; Bizikova et al. 2008; City of Chicago 2008; NZMOE 2008; ICLEI 
2010; UNFCCC 2011; Richardson and Otero 2012). Examples of relevant studies, case study 
examples and guides that were available or underway in 2008 (when this research was 
beginning) are as follows:
> Bruce et al. (2006) created an adaptation guide for municipalities in Ontario focused 
on risk. The guide outlines past and future projected climate changes in Ontario, and 
articulates a clear approach to identify and prioritize climate-related risks in a 
community. Since this guide, a risk-based guide for local governments in BC has also 
been created that is based on the same framework (Black et al. 2010)
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y  The King County (2007) climate plan is the result of many years of effort in the state 
of Washington, and shows how a local or regional government can take leadership in 
proactive adaptation. The report provides an example of how to address adaptation in 
a practical and pragmatic manner, and how to incorporate climate considerations 
within local government. King County is regarded as one of the early leaders in 
adaptation.
> Lemmen et al. (2007) edited a comprehensive study assessing the current and future 
risks and opportunities associated with climate change across Canada. The study was 
divided into eight regions, and the chapter on British Columbia, by Walker and 
Sydneysmith (2008), is highly relevant to the Prince George case study.
y  Parks (2007) created a guide that clearly explains the relationship between land use 
planning and climate change adaptation. The guide identifies aspects of planning that 
relate to climate change, and offers an extensive overview of potential impacts of 
climate change that planners in Atlantic Canada should consider.
> Bizikova et al. (2008) authored a guide to assist communities in addressing climate 
impacts while simultaneously reducing GHGs and contributing to long term 
sustainability. The report articulates the importance of proactively adapting to 
climate change, and outlines steps that can be taken to formulate a positive vision of 
the future, identify impacts and identify opportunities.
> The City of Chicago (2008) created a climate change plan that included a substantial 
section on adaptation. The adaptation component stressed building adaptive capacity, 
mainstreaming adaptation into planning and identifying actions that have multiple 
benefits. The plan also includes a clear methodology for assessing climate risks.
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y  The New Zealand Ministry of the Environment (NZMOE) (2008) released a
guidance manual that communicates projections of future climate change -  including 
extremes and variations -  and outlines how these changes affect local government. 
The guide outlines proactive actions communities can begin to take, and provides 
insights into how to incorporate adaptation into local planning and development 
processes.
GCMs are regarded as the most effective tools for modeling future climates (Randall et al 
2007), and outputs are now available at sufficiently high resolutions for decision-makers to 
apply them to evaluate impacts and inform adaptation decisions at the local scale (Jacques 
2006; NZMOE 2008; Hunt and Watkiss 2011). Climate models will always be subject to 
considerable levels o f uncertainty. However, there are many other sources of uncertainty 
(such as economics, technology and politics) that will affect future conditions that are even 
less predictable; therefore, a lack of modeling information or certainty should not be a 
barrier to local adaptation planning (Dessai and Hulme 2004; Adger et a l 2009). The outputs 
of GCMs are not usable on their own, and have to be ‘translated’ so that they can be applied 
to assist in adaptation planning and action. Effectively translating GCM outputs involves 
considerable communication, from both climate scientists and local stakeholders, so that the 
information can be properly understood and applied by local governments (NZMOE 2008; 
Rodenhuis et a l 2009; Cohen 2010). Shortcomings related to the nature of the information 
that GCMs convey (e.g., a focus on long term, large scale changes in air temperature and 
precipitation) and their spatial and temporal uncertainties have led to criticisms of their 
utility in informing local-scale adaptation assessments (Smit and Wandel 2006; Pielke and 
Wilby 2012).
Engineers and environmental planners are two groups of professionals that can take a leadership 
role in local-scale adaptation. Considering how the impacts of climate change will affect a 
community, and designing appropriate solutions, relates closely to engineering. The profession is 
focused on applying scientific knowledge to practical problems to manage risk and protect public 
safety (APEGBC 2010; NSPE 2013). Municipal engineering also relates closely to impacts 
associated with: water resources; extreme events; and transportation, building and utilities 
infrastructure (Crabbe and Robin 2006; Garbecht and Piechota 2006; Mills et al. 2009). 
Environmental planners are also well-suited to be champions of local adaptation. The planning 
profession is oriented toward the future, and focuses on linking land use with social, 
environmental and economic values to maximize the quality of life for residents in a community 
(J. Curry pers. comm. 2010). Planning relates closely to adaptation -  particularly proactive 
adaptation (as defined by Fiissel [2007]) -  and to impacts related to: agriculture; water supply; 
natural hazards and extreme events; and building and transportation infrastructure (Fiissel 2007; 
Hamin and Gurran 2009; Hunt and Watkiss 2011).
Practitioners (such as planners and engineers) are well suited to engage in addressing the 
challenges of local adaptation due to their noted abilities to both: leam experientially from periods 
of action interspersed with periods of reflection (often referred to as ‘double looped learning'); 
and engage with new challenges reflexively (Schon 1983). These traits align with the challenges 
of adaptation, which requires professionals to both work within existing frameworks and consider 
new uncertainties and sources of information.
Although there are many positive attributes associated with adaptation that can make it an 
attractive response to climate change at the local scale, there are also many barriers. A
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common challenge is a lack of funding support. This lack of funding is due to many factors 
associated with local governments, including: a limited tax base; difficulties raising funds at 
the community level; a lack of familiarity regarding adaptation; increasing budget cuts and 
resourcing challenges; a paucity of expert guidance and advice in adaptation actions; 
growing mandates as higher levels of government download more responsibility to 
municipalities; and the common misconception that adaptation is solely an environmental 
problem that will not impact social or economic systems (Jacques 2006; Smit and Wandel 
2006; Burch 2009; Measham et al. 2011; McLeman et al. 2011; Baker et al. 2012). 
Adaptation is only one of a plethora of challenges that compete for a limited pool of 
resources at the community or local level. Therefore it can be difficult to promote adaptation 
as a priority to local politicians, and particularly difficult to attract sustained and reliable 
funding and support for adaptation. Climate change is a long term issue that is susceptible to 
short term changes in political will. Furthermore, some political ideologies -  particularly 
those that focus on limiting government involvement and those that may minimize the 
importance of science in decision-making -  can be at odds with climate action in general, 
which is based on scientific knowledge and requires some degree of government 
involvement, oversight, and/or market intervention (Oreskes and Conway 2010).
There are also institutional barriers at the local level that can inhibit progress on adaptation. 
These include poor organizational and communication structures within local governments 
(Storbjork 2010; Burch 2009). Institutional challenges, political changes, funding scarcity 
and other barriers can interact and make progress on climate change exceedingly difficult. 
Finally, it is very difficult or impossible to adapt to some impacts of climate change, such as 
sea level rise and severe droughts (Fiissel 2007).
Present status of adaptation
As noted previously, there are many opportunities and barriers associated with adaptation 
that communities commonly encounter. Most cities and towns in Canada have a high 
‘adaptive capacity’, or ability to manage and/or respond to the impacts of climate change 
(Smit and Pilifosova 2001; Smit and Wandel 2006; Adger et al. 2007; Burch 2010; Engle 
2011). There has been a recent surge in adaptation research and action, but recent 
assessments generally indicate that adaptation still lags significantly behind mitigation in 
developed regions, and that most adaptation actions have not progressed to a point where 
they are providing tangible benefits to people (Berrang-Ford et al. 2011; Hunt and Watkiss 
2011; Preston et al. 2011).
In the Fourth Assessment Report of the IPCC, Adger et al. (2007) noted that adaptation is 
only occurring on a limited scale. More recent reviews indicate that few local governments 
have progressed to a point in their adaptation planning where future climate impacts are 
considered and evaluated, and concrete responses are being proposed or implemented (Tang 
et al. 2010; Berrang-Ford et al. 2011; Hunt and Watkiss 2011; Preston et al. 2011; Baker et 
al. 2012). Many successful case studies are also limited to large, global-scale cities, and to 
impacts associated with sea level rise (Hunt and Watkiss 2011). Therefore, it can be 
concluded that adaptation research is growing but is still at an early stage in terms of 
knowledge and action, and that a significant number of information and implementation gaps 
remain (Ford and Pearce 2012).
Because of the significant challenges related to adaptation at the local scale (outlined above) 
and the reality that it is rarely the prime motivator for action (Adger et al. 2007; Berrang-
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Ford et al. 2011; Measham et al. 2011), ‘mainstreaming’ has consistently emerged in the 
academic literature as an effective strategy to promote and implement adaptation. 
Mainstreaming refers to actions that are incorporated into existing processes (Smit and 
Wandel 2006), and is frequently touted as a mechanism to counter adaptation’s low public 
profile, and attempt to normalize measures into ongoing social, environmental and economic 
initiatives within a community (Hjerpe and Glaas 2012). Mainstreaming has the potential to 
efficiently introduce adaptation measures into policies, procedures, codes and practices, 
rather than attempting to create new adaptation plans or processes that may not be broadly 
supported or acknowledged.
1.2. Overlying m ethodological and philosophical approaches
This dissertation employs and explores ‘bottom up’ and ‘top down’ approaches to 
adaptation, the methodological approaches of case study research and action research, and 
also the tenants of social learning planning. Each of these interrelated concepts is briefly 
introduced below.
'Bottom up' and 'top down’ approaches to adaptation
The most important climate-related impacts a municipality or region is facing, or will face, 
are frequently determined through an assessment or prioritization process. These processes 
are designed to highlight the climate-related impacts that are most likely to affect 
communities, and what the consequences of inaction related to the impacts are (Schneider et 
al. 2007; Snover et al. 2007; City of Chicago 2008; UKCIP 2011). Other parameters that can 
be incorporated into risk assessments, as outlined in the IPCC Fourth Assessment Report, by 
Schneider et al. (2007) include: spatial distribution of impacts; the potential or ability for
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humans to adjust or adapt to impacts; and the persistence of impacts and whether or not they 
are reversible.
As the concept and practice of adaptation has evolved, several different types of adaptation 
and approaches to assess risk and vulnerability have also evolved. Many of these approaches 
have competing and contradictory components to them, but there are some commonly 
accepted attributes that have developed. Most relate to the concepts of vulnerability, risk 
and/or adaptive capacity. Swart and Raes (2007) have built upon foundational work by Smit 
and Pilifosova (2001), and other literature, and expressed vulnerability through this simple 
equation:
Vulnerability = exposure * sensitivity/adaptive capacity 
Swart and Raes (2007) also express risk through this simple equation:
Risk = probability * climate hazard * vulnerability
Two major approaches to local impact assessments have been defined as ‘top down’ and 
‘bottom up’. Top down approaches are also sometimes (but not always) referred to as 
hazards-based or impacts-based approaches, and begin with the outputs of GCMs, and then 
move toward assessments of vulnerability and determination of actions. It is often assumed 
that stakeholder participation does not occur until a later stage (if at all) in ‘top down’ 
assessments (e.g., van Aalst et al. 2008). Bottom up approaches, also sometimes referred to 
as vulnerability approaches, begin with an assessment of vulnerability and adaptive capacity 
and then may employ climate model outputs at a later time (Dessai and Hulme 2003). The 
vulnerability-based approach to adaptation starts with the consideration of current climate
risks, and builds upon knowledge and experience from managing past changes and events 
(Burton etal. 2007; Fiissel 2007).
There are many advantages and shortcomings associated with both approaches, some of 
which are briefly overviewed below:
Advantages of the ‘bottom up’ approach include (Smit et al. 2000; Fiissel 2007; van Aalst et 
al 2008):
• an emphasis on the social factors that determine adaptive capacity;
• the involvement of stakeholders from the outset of the assessment process;
• the ability to produce useful results even if reliable or downscaled projections are not 
available; and
• outcomes can be valuable in assessing the effectiveness of actions.
Advantages of the ‘top down’ approach include (Fiissel 2007; City of Chicago 2008; 
Sheppard et al. 2011; ICLEI 2011):
• effectiveness in raising awareness of climate change and the need for adaptation;
• through communicating future climates, the ‘gap’ between climate science and lived 
experience can be bridged, and the scientific knowledge made more salient to 
stakeholders;
• by considering a range of scenarios, the uncertainty associated with future change 
may be communicated;
• outputs can be useful for identifying future research priorities; and
• long-term GCM outputs can help to communicate the importance of mitigation.
As the literature has increased on the subject, many experts have expressed a preference for 
‘bottom up’ approaches over the more common and traditionally used ‘top down’ 
approaches. Many critiques of ‘top down’ adaptation approaches that begin with climate 
change scenarios driven by GCMs have emerged. Some of the common critiques are as 
follows (Fiissel 2007; Smit et al. 2000; van Aalst et al. 2008; Wilby and Dessai 2010; Pielke 
and Wilby 2012):
• the scenarios created by GCMs are often limited to a small number of variables, such 
as mean air temperature and precipitation changes;
• GCMs are most reliable at producing projections for long term changes in means; 
however, changes in the intensity and/or frequency of extreme and unusual weather 
events may be the most significant climate-related impacts;
• a focus on future climate can minimize the effects of social, political, cultural, 
environmental, economic, technological and other changes and unknowns;
• a focus on future impacts can minimize the importance and relevance of current 
knowledge and experience related to dealing with climate-related risks; and
• top-down approaches often do not include significant stakeholder involvement, 
particularly during early research stages.
Despite the weaknesses associated with the risk based approach, adaptation assessments 
proceeded in Prince George in a manner that can be considered ‘top down’. One of the 
main reasons that a ‘top down’ approach was pursued was that the City of Prince George 
indicated at an early time that it would benefit from a detailed assessment of past and 
future climate change, regardless of whether the outputs were to be used in an adaptation
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assessment. Therefore the information was available from the outset to be used 
throughout the process as both an educational tool and a source of information. However, 
it was important to carefully consider the values of a ‘bottom up’ approach and the valid 
critiques of a ‘top down’ approach. Therefore the methods used (although technically 
‘top down’ because of the use of GCMs from an early stage) employ many of the 
attributes of a ‘bottom up’ approach1. Stakeholders were involved in the assessment from 
the outset. The GCM information was presented in many formats and efforts made to 
communicate limitations and uncertainty. The links between climate change, and 
changes in the number of, and severity of, extreme events were communicated to 
stakeholders as well.
Case study research
Case studies are a research method that leaves the contextual and process-related elements of 
an experiment intact to allow for their roles to be examined in detail (Hartley 2009, p. 323). 
The case study method is common amongst many fields of study, particularly the social 
sciences, and is ideal for exploring complex issues with numerous variables and information 
types (Smith 1978; Yin 1984). Case studies are justifiable on both practical and 
methodological grounds, and are used when researchers are examining a bounded system or 
specific phenomenon (Merriam 1988; Smith 1978). Reasons why the case study approach is 
ideal for studying local climate change adaptation, as outlined by Smith (1978) and Merriam 
(1998), include:
1 The te rm  'to p -d o w n ' can be so m ew h at m isleading, as it infers th a t  th e re  is very little stak eh o ld er 
en g ag em en t and  th a t  h igher levels o f governm en t a re  making decisions.
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• researchers can begin to identify the many variables that affect climate change 
adaptation decisions;
• research outcomes can assess and analyze the roles of different variables;
• multiple sources of information can be considered; and
• a more holistic and comprehensive understanding of local-scale adaptation may be 
obtained.
There are drawbacks associated with case study methods (as there are with all research 
methods). One major weakness is that results can be difficult to understand and transfer to 
other settings, due to the large number of variables and case specific situations involved (Yin 
1984; Burch 2009; Hartley 2009). However, due to the complexity of the topic (local 
adaptation), the broad range of information sources used and the action oriented focus of the 
research (overviewed in next Section), the case study method is deemed to be appropriate.
Action research
Action research is designed to lead to enhanced theoretical understandings, as well as to 
tangible results that can improve people’s lives (Dick 2009). To undergo action research, 
collaborations with individuals who are willing to and capable of affecting change are 
necessary (McNiff and Whitehead 2006; Huang 2010). Through these collaborations all 
parties participate in creating the outcomes, and all participants learn from each other and 
benefit from the results (Schon 1983; Bradbury-Huang 2010). Action research is an 
appropriate methodological approach for this research because: there are a number of 
different opportunities and challenges facing communities as they begin to address local 
adaptation; there is a demonstrated need for research aimed toward addressing actions that
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can yield tangible benefits to communities; and there are strong relationships between 
adaptation, social capital and social learning (next Section). Approaches closely related to 
action research have been used extensively in climate change adaptation studies (see Adger 
et al. 2003; Cohen et al. 2006; van Aalst et al. 2008; Moser and Elkstrom 2011; Pearce et al. 
2012). Similar to case study research, the results are strongly contextualized in place and the 
design must be flexible to account for the realities of working with real-life problems.
Drawbacks and challenges associated with action research include its inherently complex 
and time consuming nature, as researchers must participate in existing processes and interact 
with a large number of parties (McNiff and Whitehead 2006). Scientists also risk losing their 
traditional societal positions as objective sources in a process, as they advocate for and 
recommend changes (Rykiel 2001). Due to the paucity of examples outlining actual 
adaptation actions, and the clear scientifically established need societies to begin addressing 
climate change, action research is an appropriate methodology to achieve the defined 
objectives of this research.
Social learning planning
Friedmann (1987) outlines ‘Social Learning’ as one of four traditions of urban and regional 
planning. Social learning emphasizes methods that increase understanding of a new topic, or 
field of research, through a learning approach involving many stakeholders representing 
different capacities. Social learning approaches align closely with local-scale climate change 
adaptation because of the complexity of many climate impacts, adaptation’s 
interrelationships with social capital, and the need for local knowledge to translate empirical 
data into pragmatic solutions that can benefit a community (Adger 2003; Preston et al. 2011;
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Cohen 2010; Wolf 2011). Social learning processes have been defined as ‘ the theory of 
getting things done ’ (Dewey 1963), and relate closely to both action and case study research 
methods. Social learning research strives for the development of knowing and knowledge 
concurrently, and aims to remove distinctions between teacher and student as all parties learn 
from each other (Schon 3 983). Shortcomings of research related to social learning include its 
inherently complex nature (similar to action research), and uncertainties regarding whether a 
group will coalesce and collaborate to achieve meaningful outcomes (Patton 2002).
1.3.Research M ethods em ployed  
Focus groups
Focus groups were used as a means to collect and generate data in an efficient way that 
capitalizes on communication between research participants to yield insights. They are a 
useful method for analyzing what people think and why they think that way (Kitzinger 
1994). Focus groups allow people to work together to explore their views and opinions in 
greater depth than they could in an interview setting. Thus there is an associated educational 
element. Interactions between the participants can enhance the data, the consistency of views 
can be quickly assessed, and the group nature of the exercise is often an enjoyable process 
(Patton 2002). Furthermore, focus groups are appropriate if the research is in an exploratory 
stage (Hoggart et al. 2002).
There is the potential that focus group exercises may not be successful if the groups do not 
come together in a positive manner, if there are dominant or excessively quiet group members, 
or if the group is not properly facilitated (Stewart et al. 2000; Kitzinger 1995). Facilitators can 
knowingly or unknowingly provide cues that influence discussions and outcomes, and group
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members may silence dissent. During these situations many members may not have an 
opportunity to share their thoughts, and the entire group may not reach any substantial 
conclusions or produce meaningful or necessary outputs (Patton 2002).
Workshops
Planned and facilitated workshops involving focus groups and prioritization exercises were 
utilized to provide a forum where groups of people can share their ideas and perspectives in 
a neutral, non-political environment. These events were educational, and allowed for ideas to 
flow between participants. They also served to ensure that participants have the appropriate 
knowledge, information and desire to help guide the discussion and outputs (Krueger and 
King 1997; Stewart et al. 2007). As the participants of these workshops were senior 
managers and leaders of the community, facilitators had to carefully allocate time to ensure 
that the appropriate topics are covered efficiently and in adequate detail (Greenbaum 2000).
Interviews
Interviews are considered the most straightforward and common technique for amassing 
qualitative data (Creswell 2007), and were utilized to fulfill the evaluative component of the 
research. Semi-structured interviews are an effective mechanism to: investigate complex 
behaviours and motivations; allow respondents and interviewers to digress and discuss 
different ideas and motivations; and to fill the gap in knowledge that other methods do not 
reveal (Hay 2000). Subjects that possess the most relevant knowledge and experience were 
carefully selected. Sufficient key informants were interviewed to achieve ‘saturation’ and 
identify the major themes (Kvale 1996).
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1.4. The case study community: Prince George, British Columbia,
Canada
The case study community for this research is Prince George, BC, Canada. The City is an 
ideal candidate for adaptation research for many reasons including:
1. Prince George is situated just east of the geographical centre of BC, at latitude 54°N. 
Because of its northerly and inland location, the City is undergoing rates of climate 
change that are much more rapid than global averages (Rodenhuis et al. 2009). Thus 
Prince George has both the need and the opportunity to begin addressing adaptation 
in a timely manner, and can serve as an example of adaptation that other 
communities (particularly other northern communities with less capacity and more 
southerly communities that are experiencing slower rates of change) can follow and 
build upon. Due to its inland location, the region is also experiencing a plethora of 
changes and impacts that are unrelated to sea level rise, and less studied in the 
literature (Hunt and Watkiss 2010).
2. There has been a large number of changes that have occurred in and around Prince 
George that may be partially attributable to climate change, including a large 
mountain pine beetle (Dendroctonus ponderosae) epidemic (BCMOE 2008; Kurz et 
al. 2008), recent flooding events (Milly et al. 2002; NHC 2009) and impacts to 
transportation infrastructure (Dyer 2006; Mills et al. 2009). These events have 
contributed to a high level of local knowledge, public awareness and political support 
for adaptation.
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3. Cities and towns in developed regions such as Canada typically have a high ‘adaptive 
capacity’ (i.e. ability to effectively prepare for and respond to climatic changes). 
Factors contributing to Prince George’s high adaptive capacity include: strong local 
social networks; a credible and accountable local government; well-developed 
infrastructure; and access to technical, financial and informational capacity (Smit and 
Wandel 2006; Crabbe and Robin 2006; Burch 2009). As the largest centre in northern 
BC, Prince George can also take a leadership role, and assist other communities in 
the region that have a lower adaptive capacity.
1.5. D issertation objectives and outline  
Objectives
During early conceptualization stages, a set of objectives was proposed to guide the research 
and the resultant dissertation toward the overarching goal of exploring how a community of 
researchers, practitioners and citizens can effectively adapt to climate change. The six 
objectives are as follows:
1. To utilize climate model outputs to communicate climate change adaptation, raise 
awareness of local climate impacts and inform a comprehensive adaptation strategy 
for the City of Prince George.
2. To interact with community members and practitioners in Prince George regarding 
adaptation to access local sources of knowledge, raise capacity, and educate all 
parties (including researchers).
3. To determine and prioritize the major impacts of climate change in Prince George.
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4. To collaborate with local practitioners and relevant experts to proactively plan for 
climate impacts, and implement adaptation measures in Prince George.
5. To provide a positive example of how a smaller, northern community in Canada can 
proactively and efficiently adapt to climate change.
6. To introduce new knowledge into both academic and professional bodies of 
literature.
The objectives were established in early stages of the research, and have directed the nature 
and foci of the research activities undertaken throughout the dissertation. The Conclusions 
Chapter (Chapter 6) revisits the objectives, to outline the extent to which each has been 
achieved and to identify knowledge gaps and future research opportunities.
Dissertation outline
This dissertation is comprised of four main data chapters (Chapters 2 through 5) to achieve 
the stated objectives.
In Chapter 2, the process and outcomes of a detailed workshop with local practitioners and 
decision-makers are outlined. The workshop provides an example of how communities can 
effectively utilize climate model outputs to inform adaptation decisions, and how to engage 
with senior professionals in an efficient manner to identify and prioritize key climate impacts 
in a community.
Chapter 3 reports on how the outcomes of the detailed workshop with practitioners (Chapter
2) were triangulated with two sources of feedback from community members. The results of
the three exercises were applied to create a comprehensive adaptation strategy for the City of
Prince George. Information regarding the local context of each priority impact is
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overviewed, along with measures the City is taking and can take in the future to adapt to 
climate change.
Chapter 4 outlines how researchers participated in the process to create two local long term 
plans for Prince George: a land use plan and a sustainability plan. The process to create the 
plans is outlined in detail, along with how adaptation researchers participated in each stage 
as adaptation experts. The adaptation content that was ultimately included in the plans is 
examined, and barriers and opportunities associated with incorporating climate change 
adaptation into local plans are identified and discussed.
Chapter 5 reflects on five years of adaptation research, planning and action with the City of 
Prince George. Eight implementation initiatives undertaken during the second phase of the 
adaptation project are outlined, and feedback from a group of local experts (including 
planners, engineers, community leaders, managers and politicians) is used to reflect on and 
evaluate the initiatives. Local experts assess which adaptation actions have been successful 
and unsuccessful, and how local adaptation may proceed in the future in Prince George.
1.6. Research overview
The research objectives of this study (outlined in Section 1.4) all focus toward the goal of 
exploring how a community of researchers, practitioners and community members can 
effectively adapt to climate change. As action research, the project has a pragmatic focus, 
and a large number of initiatives and actions were undertaken toward realizing the 
objectives. Some of the initiatives were developed by researchers, some were ongoing 
initiatives in which researchers participated, and some were already completed (and
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researchers utilized the results). Figure 1 -1 provides an outline of the main research activities 
undertaken and their primary outcomes. The figure illustrates how different activities were 
combined, built upon and informed, and how they relate to the four data chapters of the 
dissertation (Chapters 2 through 5).
Figure 1-2 outlines the main research activities undertaken at a conceptual level. The Figure 
illustrates how empirical and experiential knowledge were integrated to facilitate a 
conversation about climate change adaptation amongst local stakeholders (i.e., practitioners, 
community members and researchers) in Prince George. These sources of knowledge were 
combined to assess the impacts of climate change in Prince George, and then applied to 
realize tangible outcomes related to practice and policy. In the final chapter of the 
dissertation (Chapter 6), Figure 1-2 is revisited and revised to account for changes that 
occurred internally (e.g., by researchers) and externally (e.g., through situations beyond the 
researchers’ control). Figure 1-2 is a circular loop, which reflects how adaptation is an 
iterative process, and how the research employs the concept of ‘double looped learning’, as 
outlined by Schon (1983).
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Chapter 2: Planning for climate change adaptation: lessons learned 
from a community-based workshop
Publication details:
Picketts, I.M., A.T. Werner, T.Q. Murdock, J. Curry, S.J. Dery, and D. Dyer, 2012.
Planning for climate change adaptation: lessons learned from a community-based 
workshop. Environmental science and policy, 17, 82-93. DOI:
10.1016/j.envsci.2011.12.011
Published version is available at: http://www.ioumals.elsevier.com/environmental-science- 
and-policv/
Introduction to Chapter
Chapter 2 outlines how climate modeling information was communicated to local staff and 
stakeholders in a one-day workshop to identify impact priorities, and begin to identify 
measures that can be taken to adapt to these impacts. The primary actions undertaken are 
outlined in Figure 2-1.
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2.1. Abstract
Adaptation is now broadly accepted as a necessary response to climate change. Local 
adaptation strategies should be developed with decision-makers familiar with the unique 
characteristics of a community. As part of ongoing research on adaptation in Prince George, 
British Columbia, Canada we hosted a workshop with City staff and community 
stakeholders to build local capacity and initiate an adaptation strategy. Past climate trends 
and future scenarios were used to gain a better understanding of the changes occurring and 
expected in the region. The highest priorities identified for Prince George relate to forest 
fires, flooding, emergency response to extreme events, water supply and transportation 
infrastructure. The workshop framework represents a tool which communities can apply to 
outline adaptation priorities within a limited time frame.
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2.2. Introduction
When climate change became an international concern in the 1980s, mitigation was deemed 
to be the appropriate strategy to address the challenge. Planning for adaptation (i.e. for the 
effects of changes in the climate) was viewed by many as irresponsible because, if societies 
could have agreed on and adhered to legislation to stabilize atmospheric greenhouse gas 
(GHG) concentrations, many impacts could have been avoided and adaptation would not 
have been necessary (Paavola and Adger 2006; Pielke et al. 2007). Unfortunately at present 
there are still no binding international agreements to reduce global carbon emissions. Also, 
because of GHGs already in the atmosphere, changes in the climate will continue for at least 
the next 50 years regardless of mitigation actions (Pielke et al. 2007; Snover et al. 2007). 
Furthermore, the ability of natural systems to sequester and store carbon is being steadily 
compromised due to ocean acidification, permafrost degradation, deforestation and other 
environmental changes (Fischlin et al. 2007). Therefore adaptation is a necessary response to 
climate change, whether or not mitigation occurs. Although mitigation is not the focus of this 
article, it remains an important priority that will dictate the severity and duration of future 
climate impacts (Fisher et al. 2007; Klein et al. 2007; Swart and Raes 2007; Zhang et al.
2008).
Adaptation can be an effective focus for community action on climate change. Unlike
mitigation -  which requires international participation and long time periods to be effective -
local and regional governments can move quickly to plan for specific local impacts,
strategies can provide tangible benefits to residents and policies can be created with the input
and participation of local stakeholders (Jacques 2006; Fiissel 2007). Some common barriers
preventing communities from implementing adaptation actions include a lack of funds due to
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a limited tax base, a shortage of existing case study examples and a paucity of expert 
guidance and advice (Jacques 2006; Smit and Wandel 2006). Adaptation continues to lag 
significantly behind mitigation in climate research, and there are very few examples of 
adaptation plans and actions focused on human systems (Berrang-Ford et al. 2011). Research 
shows that it is important to incorporate adaptation strategies into existing plans and policies, 
as actions are rarely implemented with adaptation being the primary motivator (Smit and 
Wandel 2006; Fiissel 2007) and planners in British Columbia (BC) prefer adaptation to be 
incorporated into existing documents rather than separate stand-alone plans (Picketts and 
Curry 2011). Adaptation is no longer simply a challenge to be addressed by people engaged 
in the environmental sector (Juhola and Westerhoff 2011), and involving community 
stakeholders in adaptation planning leads to better results for many reasons. Some of these 
reasons, outlined by Jacques (2006), Swart and Raes (2007), Zhang et al. (2008) and Fran?a 
Doria et al. (2009), include:
• community members possess important local knowledge of the unique social, 
environmental and economic conditions of an area;
• engaging with local stakeholders promotes greater understanding and awareness of 
climate change and its impacts;
• working with a community encourages future buy-in and support for implementation;
• adaptation success is best evaluated by those affected by and adapting to impacts; 
and
• the public is more likely to listen to local stakeholders than external experts.
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The purpose of this article is to explore how communities can begin planning for climate 
change adaptation. We provide an overview of the case study community of Prince George 
and, in the Methods Section, describe how academics, City staff, climate modellers and 
members of a regional nongovernmental organization created and facilitated a local 
adaptation workshop. The information presented in the workshop and the outcomes -  which 
were used to determine local adaptation priorities and to envision how implementation 
should proceed -  are summarized in the Results Section. A framework for outlining an 
adaptation strategy with local decision-makers within a short time-frame is also presented as 
a tool which communities and other small organizations can use and build upon. The paper 
concludes with a discussion on the challenges and successes of the Prince George workshop, 
and how communities can effectively prepare for adaptation. Local practitioners, researchers 
and policymakers can use the results of the workshop and apply the framework as they 
continue exploring how communities can best prepare for expected impacts and become 
more resilient to unexpected changes and events.
Case study community: Prince George
Prince George is a City of 76,000 people located at the confluence of the Fraser and 
Nechako rivers near the geographical centre of BC, approximately 800 km north of 
Vancouver and 700 km west of Edmonton, Alberta. The City centre occupies a valley at an 
elevation of 575 m and precipitation ranges from 450 to 1000 mm per year in the area (City 
of Prince George 2012a). Average local summer day-time high air temperatures are 20°C 
and average winter night-time lows are -12°C (Picketts et al. 2009a). Prince George has 
close ties to the forestry sector, and 29% of local jobs rely on logging and forest products
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industries (BC Stats 2010). The City is known as the “ northern capital” of BC, and acts as a 
hub for surrounding towns.
As a northern community, Prince George is experiencing rates of temperature change nearly 
double the global average (Walker and Sydneysmith 2008), and is already being affected by 
impacts related to climate change. Most significantly, the proliferation of the mountain pine 
beetle has had profound economic, environmental and social effects on the region. Due to 
less frequent cold winter temperatures the beetle population has expanded remarkably, and 
infestation now covers over 8 million hectares of forest in central BC (BC Government 
2006). The City has also experienced recent river flooding events, and has major problems 
with road deterioration related to increased freeze-thaw cycles during winter months (Dyer 
2006). Prince George has a high adaptive capacity (i.e. ability to respond to and prepare for 
climate impacts) due to an engaged senior City staff, available funds for adaptation, access to 
research and modelling expertise, and a progressive political environment (Smit and Wandel 
2006).
Several activities have raised awareness and understanding of the need for adaptation in 
Prince George since researchers and City staff partnered to explore adaptation in 2007. Most 
notably, a previous workshop occurred as part of the Planning Institute of BC’s 2008 annual 
conference. This event was designed to educate professional planners and to discuss 
adaptation strategies for the case study community of Prince George. Although it did not 
yield results that could be used to envision adaptation priorities, the event generated 
considerable local interest and brought together many stakeholders who have remained 
engaged in adaptation (Picketts and Curry 2011).
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The research utilizes the case study approach to examine specific phenomena (adaptation) in 
a bounded system (Prince George) (Smith 1978). Case studies are ideal for asking questions 
about complex social phenomena and for understanding the role of process and context in 
affecting change. Although case studies provide limited basis for scientific generalization 
(Yin 1984), we anticipate that the workshop results will be of relevance to other 
communities (particularly northern and smaller centres), and the framework generated will 
be broadly applicable to communities and small organizations addressing adaptation.
Because climate change is happening more rapidly in northern regions (Salinger 2005), more 
southerly cities and towns can learn from northern communities (such as Prince George, 
which is situated at 54°N latitude) that are already responding to challenges they may expect 
to experience in the future.
2.3. M ethods
This paper reports on qualitative research to illustrate how adaptation has progressed in a 
northern Canadian community. The primary research exercise was a workshop in November 
2008 in Prince George with a group of 34 invited participants. Attendance was limited to 
encourage full participation in focus group and plenary sessions. City managers were asked 
to attend and to also recommend staff members who would have the best knowledge of how 
climate change would affect local infrastructure, land use and operations. Response was 
excellent and representatives were present from a range of City sectors, with multiple staff 
from long term planning, current planning, environment, utilities and transportation. Once 
the organizers were satisfied that the City sectors were properly represented, remaining 
spaces were made available to people from relevant external organizations and interested
37
parties. Although civil society was not largely represented in the workshop, public feedback 
on adaptation priorities has been gathered through other mechanisms. Facilitators stressed 
that all participants engage in productive conversation in an open, non-hierarchical and non­
political manner.
The appropriate Prince George senior staff-members and community stakeholders showed 
interest in contributing to local adaptation planning. However, time was the biggest 
drawback to participation, and many indicated that they could not commit to being part of a 
committee or attend an event longer than one day. Therefore the research team designed a 
workshop to efficiently generate the most useful information for a community adaptation 
strategy. Although there is a shortage of implemented actions, resources and frameworks 
exist to assist local governments as they create adaptation strategies. Guides by Bruce et al.
(2006), Snover et al. (2007), Bizikova et al.(2008) and the City of Chicago (2008) were 
reviewed, and the common overarching steps for community adaptation were distilled as: 
build capacity; identify local impacts and vulnerabilities; and determine adaptation priorities 
and implement actions. The methods used to achieve these outcomes in the workshop are 
outlined below.
Building capacity
The workshop began with an introductory presentation to clearly define and differentiate 
between adaptation and mitigation. This information is important as previous research shows 
a low level of knowledge and experience of adaptation among planners in BC (Picketts and 
Curry 2011) and among practitioners around the world (Adger et al. 2007; Storbjork 2010). 
The climate information also served an important capacity building function, as did the
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previous adaptation work in Prince George (outlined in Section 2.2). Facilitators explained 
the key role participants had in adaptation planning as experts with important local 
knowledge.
Identifying local impacts and vulnerabilities
Researchers and City staff recognized the need for quality climate information to assist local 
stakeholders as they plan for climate change early on in the research process (NZMOE 2008) 
and partnered with the Pacific Climate Impacts Consortium (PCIC) of the University of 
Victoria. Historical climate trends, information about regional climate variability and future 
climate projections for the region were created. This information was provided in document 
form to participants for review before the workshop and presented at the event by a PCIC 
climatologist, with time allocated for discussion. A detailed overview of the climate 
information presented in the report is included in the Results Section.
Workshop attendees were then divided into four focus groups, with each group containing 
representatives from different City sectors, for discussions on linking the climate projections 
to impacts in Prince George. Focus groups are a fast, and often enjoyable, research method 
that encourages communication between participants to produce quality feedback (Kitzinger 
1994). Careful planning and proper facilitation is crucial to allow groups to effectively share 
their ideas, and to encourage conversations to flow among the participants (Krueger and 
King 1997). Therefore each group had an experienced facilitator who was briefed 
beforehand on the purpose of the exercise. Groups prioritized three top impacts, and could 
also indicate up to two other important impacts. These outcomes were used to create the 
master list of priorities.
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Determining priorities and outlining implementation
The researchers compiled the focus group outcomes into a master list representing all of the 
appropriate impacts from the focus groups, and presented it back to the plenary for 
finalization. Participants were then instructed to individually examine each impact from the 
master list and evaluate it in terms of its risk, outline the City sectors affected, indicate top 
plans for implementation and offer further comments and ideas related to the impact. The 
risk evaluation was the most important feedback gathered from the participants, and these 
results were used to prioritize the impacts. Participants ranked the ‘likelihood and timing’ of 
each impact on a scale from one (very unlikely) to five (occurring now) and then the 
‘consequence of inaction’ on a scale of one (minimal or no consequence) to five 
(catastrophic consequences in costs and human safety). The mean likelihood and 
consequence values are multiplied to measure the overall risk of an impact. Means, rather 
than medians or other statistical metrics, were used for the rankings so that all feedback 
(outliers included) from the broad range of respondents was reflected in the final values. The 
exercise was based on the concept of risk analysis, modelled from the City of Chicago 
(2008) framework. Similar frameworks are outlined by Bruce et al. (2006), Snover et al.
(2007) and the United Kingdom Climate Impacts Programme (UKCIP) (2010).
To ensure that the methods were was robust the risk criteria were compared to criteria 
outlined by the IPCC (Schneider et al. 2007) before the workshop. The IPCC criteria are:
• likelihood
• timing
• magnitude
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• vulnerability
• distribution
• potential for adaptation
• persistence and reversibility
The risk framework used for the workshop closely aligns with the IPCC criteria. 
“ Likelihood” and “ timing” are encompassed in one of the workshop criterion of risk and 
“ magnitude” and “ vulnerability” in the other. The “ distribution” criterion was not 
relevant because this study focused on a specific area. “ Potential for adaptation” was not 
considered due to the time constraints and the consensus among organizers that Prince 
George has the capacity to address most changes it will face. “ Persistence and reversibility” 
was not included as there was insufficient time to discuss how long impacts would remain or 
if they would be permanent. This is also less relevant to communities, as irreversible and 
persistent climate impacts (such as extinctions, losses of ice sheets, losses of unique cultures 
and permanent drought conditions) do not usually pertain to City operations.
After filling out the risk scores, participants indicated up to five City sectors that should be 
involved in addressing each impact. The City sectors were defined and organized into 
services before the workshop by senior City staff. Options for outside agencies were 
included if participants felt that addressing the impact was beyond the jurisdiction or 
capacity of the City. Participants were asked to indicate the top plan where they believed 
implementation strategies should be incorporated for each impact. They were also invited to 
outline potential adaptation actions, ways to make Prince George more resilient, groups or 
individuals that should be involved in creating strategies, and further information needs.
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2.4. Results
This paper focuses on the results of adaptation research in Prince George, and the broader 
challenge of addressing adaptation at the local level. An overview of the information 
selected for presentation at the workshop and how outcomes were organized is discussed 
first. The workshop results for Prince George are then presented and a workshop framework 
is proposed for communities and organizations to apply and build upon as they pursue 
climate change adaptation.
Workshop information
Climate information
Deciding what climate related information would be presented and how to convey this 
information was a significant challenge in preparing the workshop. Organizers sought to 
present a comprehensive overview of past and future climate information in a short period of 
time. A summary of the climate information for Prince George presented at the workshop 
(and included in the report) is as follows.
The presentation began with an explanation of the differences between climate normals, 
climate change and climate variability. Climate normals are temperature and precipitation 
conditions averaged over an extended period, usually 30 years (such as 1961-1990). These 
are used as a baseline from which to compare projected changes in climate. Climate change 
refers to trends or major shifts in climate over a long period of time; such as decades or 
centuries. Climate variability relates to changes in temperatures and precipitation ranging 
from months to multi-decadal oscillations. As a result of climate variability, colder than
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average years regularly occur in spite of long term warming trends. Two important patterns 
of climate variability in Prince George include the El Nino Southern Oscillation (ENSO), 
which has cool-wet and warm-dry phases that typically persist for up to 18 months each, and 
the Pacific Decadal Oscillation (PDO) that has warm and cool phases that can each persist 
for up to 30 years (Moore et al, 2010). Examining past seasons and years that have been 
affected by climate variability (such as a winter during a warm ENSO phase) can provide 
valuable insight into how future climate change will affect a region.
Maps showing the climate normals in the vicinity of Prince George were presented to 
demonstrate the range in climate conditions in the region. Next, long term climate trends 
were presented using data from Environment Canada’s Adjusted Historical Canadian 
Climate Dataset (AHCCD), which have been reviewed and adjusted to reduce the influence 
of station movements or changes in measurement techniques on the data (Mekis and Hogg 
1999; Vincent and Gullet 1999). The long term trends show how climate has been changing 
in the area. Between 1918 and 2006, mean air temperature increased by 1.3°C per century. 
Minimum (night-time low) temperatures increased at a faster rate at 2.3 °C per century, while 
maximum (day-time high) temperatures only increased at 0.4°C per century over this time 
period (Figure 2-2). Increases were significant at the 5% significance level, except for 
maximum temperatures. Rates of warming continued to increase throughout the century, and 
the mean temperature warming trend from 1971 to 2006 was equivalent to a rate of 4.6°C 
per century. Trends for the shorter time period are likely influenced by both increasing 
human-caused global warming towards the end of the century, as well as the warm phase of 
the PDO natural variability cycle from 1976 to 2000 (Salinger 2005). Total precipitation, 
snowfall and rainfall increased by 9%, 9% and 17% between 1918 and 2006, respectively
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Figure 2-2 Trends for the Prince George airport (A) climate station for 1918-2006 annual mean (a) 
air temperature, (b) minimum temperature, (c) maximum temperature, (d) precipitation, (e) rainfall 
and If) snowfall. Temperature trends are shown as absolute values (°C) and precipitation, rain and 
snowfall trends are shown as percentage difference from their 1961-1990 mean.
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(Figure 2-2). Similar increases in precipitation have been found for many areas in BC since 
the early 1900s (Rodenhuis et al. 2009). Trends became negative for snowfall but positive 
for rainfall since the middle of the 20th century, which illustrates that a greater proportion of 
precipitation has been falling as rain in recent decades. None of the precipitation trends were 
statistically significant.
GCMs are representations of the climate based on its biological, chemical and physical 
properties and are widely regarded as the best and most reliable tools to simulate future 
conditions (Randall et al. 2007). Projected changes in temperature and precipitation were 
presented in two forms. Box plots were used to show the range of projected changes from a 
large ensemble of GCMs (which have a horizontal resolution of approximately 300 km) for 
three time periods: 2011-2040 (2020s); 2041-2070 (2050s); and 2071—2100 (2080s) (Figure 
2-3). Maps were used to illustrate the spatial range in changes from a regional climate model 
(RCM) at high resolution (-45 km) as forced by one GCM at the boundary for the 2050s 
(Figure 2-4). The RCM maps are helpful to illustrate spatial variations and the influences of 
factors such as elevation and land surface characteristics on projected climate change. The 
suite of GCM projections for three time periods complements the RCM maps by showing the 
range of uncertainty present in a large number of simulations. The uncertainty in GCM 
projections arises from differences such as the physics of individual GCMs, natural climate 
variability and different GHG emissions scenarios. Differences in GHG emissions scenarios 
are not a large contributor to projection uncertainty until after the 2050s (Rodenhuis et al.
2009). Box plots are based on ensembles of 140 GCM projections from 22 different GCMs, 
each run (in some cases several times) under the A2, A1B and B1 emissions scenarios 
(Fisher et al. 2007). These were presented as annual and seasonal values to demonstrate
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projected changes in seasonality of climate. Participants were instructed to focus on the 
range of projections for the 2050s when evaluating impacts, as this is an appropriate horizon 
for most planning processes.
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Figure 2-3 Box plots o f GCM projected changes for the Prince George region in annual mean (a) air 
temperature and (b) precipitation as compared to the 1961-1990 model baseline based on an 
ensemble of 140 projections from 22 GCMs under theA2, A1B and B1 IPCC emissions scenarios. The 
thick line depicts the median, the top and bottom of the box depict the 75th and 25th percentiles, and 
the whiskers depict 1.5 times the inter-quartile range from the median. The ° symbol indicates a 
value outside the whiskers. The dashed horizontal line indicates the GCM used in the RCM maps.
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Figure 2-4 Maps of2050s projected annual anomaly from the 1961-1990 baseline for (a) mean 
temperature and (b) precipitation in the Prince George region, based on one RCM (CRCM4) forced 
with one GCM (CGCM3 run 4 following the A2 emissions scenario). For context, see Figure 2-3 for 
position o f the driving GCM versus other projections (source: Ouranos Consortium).
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Annual temperatures in Prince George are projected to increase by 2.0°C by the middle of 
the century, based on the median of 140 projections. The mid-range (25th to 75th percentiles) 
of the projections was 1.6 -  2.5°C. Annual precipitation is projected to increase by 6% based 
on the median with the mid-range from 3% to 10%. Precipitation increases of 8% are 
projected for winter and decreases of 1 % are projected for summer based on the median. 
Therefore, conditions are projected to be warmer and primarily wetter in winter and 
annually, but could be drier or wetter in summer. However, in both seasons, projected 
precipitation changes vary from decreases to increases depending on the GCM and scenario. 
Further details are provided in the report “ Climate Change in Prince George: Summary of 
Past Trends and Future Projections” (Picketts et al. 2009a).
Oreanizine feedback
Feedback for each of the impacts from the master list was organized by having participants 
individually fill out a spreadsheet or ‘matrix’. A representation of the matrix is included as 
Figure 2-5.
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Prince George Climate Change Workshop Matrix
RISK SECTORS MOST SERIOUSLY EFFECTED (please check off only 5 sectors) IMPLEMENTATION
Im pact:
c  P
**  5•O o  
§  «  
■O So ..
I *  
•  » -
5  o
</> 3  
2  A
§
=8a
£  W  
i s
3  S  t r  •
S *c  *-
8 *
ic *5  
3at 3 .
Administra­
tive
Services
Corporate Services Development
servic**
Operation* Community
Services
Outsid* Agancies, 
Organization*, Group*
Where should this issue be  
addressed? • please indicate 
top priority
S
a
£
s
cn
«6m
I
Ul
Mi
S.
m
o
e
jsm3u
8
cc
*a
|
u
©
0.
«»c0  A.tt•cc
«9
JK
1
•
e•
*9
9-
2  
A 
2
a*•o
2•
(A
•
Gc
c
iZ
te•
aa6
•
<K
S
Ea
X
£•
§
IB
TP
*
CC
.5
2
€
1
»
cat
•*
Li-
CO0
x>en
at*•u
i•
tft
Sc
g
O-
«
ga
O
a
.£cc4*
a .
•o»cr*t
Q£
?
J3
C
2
15«
•c
o*c
•6
as
«•a
£
<8
'S
I
Ec
1
UJ
*
•
h-
«
e»
-e«
a
mm
2
2
w
■5
s
T>
©
07
•»•
is
5
co
««o<rwc
a*—
*
*
£U•U.
u,i
o
«*•o
5•t/>
’c3
E
Eo
O
u
"3
a.
i s
o07
m
£
«u. §a.
S©
■«
Z
|
u_
E
&
0
•g©.J
1
5
■>»
8-
*•
8
am
1
sM
'E
0
1
5
a
(A
O
a.
8
c
CL
Gcmc
iZ
«
i
te
|
£
3C
5
|
m
»
i
s
«*©
5
we>
5
i
1o
•c•
CL
£
Ea»
*«>
5
u«•a•
sw•fi
i
6
t
2
3
4
5
6
1
8
9
10
11
12
13
14
15
Name:
CITY O f  ,
PRINCE GEORGE i
Chart 1: Risk Seal* - likelihood and timing
score likelihood Explanation
5 occunna now already hapoemna
4 very likely Mcety to happen in next 10 yrs
3 kkeiy may happen in next 20 yrs
2 unkkelv may or may not happen
1 very unkkety w i not effect us
Chart 2: Risk scale: consequence
score consequence Explanation
5 catastrophic maior consequences to human We
4 mator hsk to health and We, v expensive (>S10md)
3 medium risk to health expensive <S2-10mil)
2 low low risk to health, mid expense (St-2 mil)
1 minimal minimal costs Fig
ure
 
2-5
 
'M
at
rix
'fo
r 
or
ga
niz
ing
 
pa
rti
cip
an
t 
fe
ed
ba
ck
.
Plans for implementation
The documents included in the matrix, from which participants selected, are plans commonly 
used in BC that could house adaptation strategies. (Local stakeholders will need to identify 
which plans are potentially suitable for housing adaptation in their communities.) A brief 
description of these plans follows:
• Integrated Community Sustainability Plans (ICSPs): Umbrella documents focusing 
on long term environmental, economic and social sustainability.
• Official Community Plans (OCPs): Municipal land use and community development 
plans, with a five to 20 year horizon, which are implemented through bylaws.
• Annual Provisional Financial Plans (Financial Plans): Overviews of a City’s capital 
and operating budget outlining expenditures and sources of funding for the year, and 
projections for upcoming years.
• Subdivision and Development Bylaws (Bylaws): Concise and enforceable public 
laws that regulate and require the provision of infrastructure works and services for 
development.
• Asset Management Performance Measures (Asset Mgmt): Strategies to allocate funds 
and resources to competing asset needs (such as lands, buildings and roads), and to 
understand the condition of assets.
Participants were invited to provide more information regarding implementation for each 
impact on the reverse-side of the matrix worksheet.
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2.5. Prince George workshop results
The workshop introduction served to clarify the focus on adaptation and, as a result, 
discussion did not deviate to mitigation or other areas of focus. The climate information 
helped workshop attendees grasp what the major trends in the region are, what types of 
changes to Prince George’s climate are expected and how significant these projected changes 
are in the context of historical variability and past trends. Having a climate information 
expert in attendance to present the data and answer the multitude of participant questions 
was very helpful. The impacts that will affect Prince George, as identified by the individual 
focus groups, are outlined in Table 2-1.
Distilling the separate focus group outcomes into a single list of local impact priorities 
proved more difficult than expected. A comprehensive list was necessary for the final steps 
of the workshop to be effective; therefore a draft was presented back to the entire group and 
put up for discussion. Through discussion with participants some impacts were changed (for 
example the infrastructure category was separated into storm-water, utilities and transport 
impacts) and a new topic was added (erosion and landslides). Three priorities identified were 
deemed unsuitable for the master list. These were land use impacts and impacts on policy 
(both considered responses rather than impacts), and economic impacts (considered too 
broad as it encompasses all impacts).
Participants were able to perform the risk evaluation exercise and identify sectors to address 
the outcome without difficulty, but many had difficulty selecting a single document where 
implementation should occur. The master list of impacts, average (mean) values for 
workshop participants’ perceptions of the two risk types, standard deviations and the average
Table 2-1 Impacts identified by focus groups during the City adaptation workshop.
Group ImpactPriority Impact Description
Top
Impacts:
1 Water quality and quantity management
■ f a
2 Impacts to infrastructure -  freeze thaw and snow
B9 3 Flooding -  threats to public and private propertyeg-
0 Other A Extreme weather events
Impacts: B Fire risk in the city
Top
1 Impacts to safety, infrastructure, economy, transportation -  increased freeze-thaw events
■ 6 .
p
Impacts: 2 Forest fire increase -  related to temperatures and droughts
3 Impacts to infrastructure -  temperature and frost level changes
Pg
0 Other
Impacts:
A Earlier and more precipitation / flooding affecting water supply
B none identified
Top
Impacts:
1 Flooding
w 2 Land use impacts -  land use must change as a responseg
A
3 Impacts to transportation infrastructure and other infrastructure
10 Other A Economic impacts -  funding, taxpayers, cost-effectiveness
Impacts: B Impacts on policy, public education, marketing, partnerships and communication
Top
Impacts:
1 Impacts to natural resources (forest fires, hydrology, etc.)
T f
2 Impacts to infrastructure -  increased winter temperatures
I
;
0
3 Increase in flooding frequency and magnitude
Other
A Water supply and water quality
Impacts: B Warm weather and agricultural opportunities attracting new residences and businesses
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risk values (product of mean consequence and likelihood) are shown in Table 2-2. The City 
sector and plan for implementation most often selected are also included. Results are from 
the 28 participants who completed the full matrix, and are organized by total risk value.
Some participants provided comments on implementation (on the reverse-side of the matrix) 
which were transcribed for future use. Due to the tight timeline many people left this section 
blank. The final plenary discussion solicited feedback from the participants about the 
workshop. It also was an ideal opportunity to inform participants of future adaptation 
research in Prince George, and to gauge interest regarding ongoing participation in 
adaptation initiatives.
Workshop framework
Based on the experiences with Prince George, a six step framework is proposed in Table 2-3 
that communities can apply to outline an adaptation strategy within a single day. The time 
allocated for each step will depend primarily on the experience participants have related to 
adaptation. Steps of the workshop should be modified to produce results which are most 
useful to the community.
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Table 2-2 Results from the adaptation strategy visioning exercise (n=28).
Top priorities 
identified by 
participants
Risk
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Increased forest fires 3.8 1.0 4.0 0.6 15.2 Police, Fire & Rescue ICSP
Increased flooding 3.9 1.3 3.4 1.0 13.2 Emergency & Response ICSP
Extreme weather / 
emergency response 3.7 1.3 3.2 1.1 11.8
Emergency & 
Response
Financial
Plan
Threats to water 
quality and quantity 3.1 1.1 3.7 0.9 11.4 Utilities ICSP
Increased freeze / 
thaw on transport 4.1 1.4 2.5 0.7 10.3 Transportation
Asset
Mgmt
Erosion and 
landslides 3.4 1.1 3.0 0.8 10.2
Long Range 
Planning OCP
Stresses on storm- 
water infrastructure 3.6 1.2 2.7 0.8 9.7 Utilities
Asset
Mgmt
Stresses on utilities 
infrastructure 3.2 0.8 2.9 0.9 9.3 Utilities
Asset
Mgmt
Other stresses on
transport
infrastructure
3.7 1.4 2.3 0.8 8.5 Transportation FinancialPlan
Extreme weather 
limiting transport 3.0 1.0 2.8 1.0 8.4 Transportation ICSP
More residents and 
business opportunity 3.4 1.0 1.6 1.0 5.4
Long Range 
Planning OCP
Increased
agricultural capacity 2.6 0.6 1.4 0.6 3.6
Long Range 
Planning OCP
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Table 2-3 Adaptation workshop framework.
Step Purpose Information presented Timeallocation
1.
Introduction
clarify workshop focus; 
overview activities; inform 
participants of their key role in 
outlining strategy
definition and differentiation 
between adaptation and 
mitigation; explanation of 
participants’ role as experts 
with local knowledge
15 min to 1 
hr1
2.
Under­
standing 
changes in 
the climate
provide overview of past 
changes and future temperature 
and precipitation projections in 
the region
past climate trends and future 
scenarios (preferably 
downscaled and presented by 
climate information 
specialist)
1 to 2 hrs2
3.
Identifying
local
impacts
link climate projections with 
actual impacts in community 
(can be done in focus groups or 
as one larger group)
none, but requires careful 
facilitation by persons 
familiar with adaptation and 
the community
-1 hr
(depends on 
group size)
4.
List o f local 
impacts
combine outcomes of step 3 into 
a single list (if necessary)
outcomes combined by 
organizers and presented to 
plenary for discussion and 
finalization
-45 min2
5.
Visioning an
adaptation
strategy
prioritize impacts and 
recommend implementation 
actions
framework for determining 
risks; potential sectors to 
address impacts; documents 
where implementation may 
be outlined
-90 min
6.
Final
discussion, 
next steps
encourage continued 
engagement in adaptation 
planning and solicit feedback on 
event
feedback should guide further 
local adaptation
-  30 min3
■■r— .............    i i 1111         -
for neophyte communities a separate capacity building event may be preferable
2 ample time for discussion should be allocated
3 can encourage discussion to continue after formal workshop end
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2.6. Discussion and conclusions
The City adaptation workshop was effective in achieving both intended objectives: (1) 
increasing local knowledge and awareness; and (2) identifying priority impacts for Prince 
George. Participants unanimously supported the outcomes of the event, and indicated that 
they would remain engaged as the research moved towards implementation. Since the event, 
many participants have offered their expertise and experience towards continued local 
adaptation planning, an adaptation strategy has been finalized (Picketts et al. 2009b) and 
measures have been incorporated in the City’s ICSP and OCP. Prince George is, and will 
continue to be, affected by the impacts of climate change. However, the City has a high 
adaptive capacity as well as potential to experience some tangible benefits from warmer 
temperatures, such as a longer growing season (Walker and Sydneysmith 2008). Adaptation 
planning will lead to a more prepared and resilient community, and help local residents 
maintain their quality of life despite expected and unexpected changes in the climate.
Although concerted efforts were made to present the information concisely, a point 
articulated by several participants in the concluding discussion was that climate scenarios 
have to be presented in a simpler manner for local practitioners and members of the public to 
understand the content. Communicating future scenarios is an ongoing challenge as it is 
important to convey the considerable uncertainties and limitations with climate projections 
while still being brief. Although there have been great improvements in climate projections 
and they will continue to improve in the future, uncertainties will always exist. However 
there are additional and greater sources of future uncertainty, such as technological and 
cultural unknowns. Therefore a lack of certainty in projections should not be a barrier to 
adaptation action (Adger et al. 2009).
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Subsequent to the workshop, PCIC has created a tool (www.Plan2Adapt.ca) that provides an 
overview of climate data and future projections for communities in BC. The tool presents 
more simplified information than is presented here. Communities in BC should be able to 
proceed with adaptation planning using this information, which is now freely available to 
them. Universities, governments and climate modelling groups should endeavour to make 
climate information easily accessible and clearly communicated to communities to facilitate 
adaptation planning and implementation.
Some of the priorities described by focus groups (Table 2-1) were not suitable for inclusion 
in the final list. However, unanticipated responses help illustrate that climate impacts are not 
simply environmental in nature, and will affect the social, cultural and economic wellbeing 
of communities (Juhola and Westerhoff 2011). Forest fires and flooding were clearly the top 
ranked priorities, which is as expected due to the City’s location and surroundings. Extreme 
weather/emergency response overlaps with the top priorities and explicitly targets Municipal 
Emergency and Response as a sector that needs to be prepared for climate change. 
Transportation impacts were described in three separate categories, which implies that it is a 
very high priority.
An advantage of the risk-based approach is that participants who envision greater impacts 
tend to rank ‘consequence’ higher than their peers and ‘likelihood’ lower, and vice versa. 
Thus, averaging and multiplying the two factors gives a good general indication of risk, even 
if standard deviations are large. However, the large standard deviations and small variability 
among most ‘average risk’ values illustrate that the order of impacts displayed in Table 2-2 
is a guide for future action, not a definitive roadmap. Communities that engage in this 
exercise must be prepared to re-evaluate priorities in response to changing conditions and
57
information. Snover et al. (2007) have recommended against ranking impacts, rather 
categorizing them into general levels of risk to allow other factors -  such as actions 
underway, funding opportunities and changing technologies -  to influence how 
implementation proceeds. However, a list of ranked priorities can be helpful for communities 
as they move towards implementation, if it is clearly communicated that the order is not 
prescriptive and can be changed.
One key shortcoming of the study’s risk framework is that it did not properly account for 
positive impacts that may occur as a result of climate change. Therefore it is important to 
reconsider impacts which were not ranked highly, such as “ increased agricultural capacity’’ 
and “ more residents and business opportunities’’, independently to gain a better 
understanding of their priority in Prince George. For future workshops, organizers may 
consider expanding the “ consequence of inaction’’ component of the risk scale to include 
positive consequences if action is taken. The risk framework also does not properly account 
for less certain or well-defined impacts such as health effects. It may also be necessary to 
examine other impacts not closely related to human safety and finances, which may not have 
been identified in the workshop. For example, the City of Prince George has recently 
indicated that ecosystem impacts should be examined in more detail, even though it was not 
identified as a priority in the workshop.
The sectors most commonly identified to address impact priorities in Prince George were: 
utilities; long range planning; transportation; and police, fire and rescue services. Therefore 
planners, engineers and other city staff working in and with these sectors should be aware of 
climate change adaptation and take an active role in preparing strategies to address impacts. 
The ICSP was the top plan noted for implementation, and the OCP, asset management plan
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and financial plan were also identified. These results, as well as the trouble participants had 
selecting just one plan for many impacts, illustrate that climate change will impact many 
facets of City planning and operations, and that adaptation must be pursued through multiple 
avenues. Plans with an integrated focus, long term time frame and consideration of 
environmental, social and economic priorities, such as ICSPs, are well suited to house 
adaptation strategies. Economic considerations will become extremely important as 
communities progress towards implementation.
The success of the workshop in Prince George was related to previous adaptation work that 
had occurred in the City, as well as local exposure to impacts. These experiences increased 
local capacity on adaptation, which allowed for a relatively brief introduction to the topic 
and focused discussion throughout the day. Communities with less capacity and experience 
will have to dedicate more time to background information, may require more guidance and 
facilitation throughout the day2, and may need more than a single day to achieve the desired 
objectives. (Multiple events would also allow more time for participant reflection.) Existing 
awareness in Prince George also led to a degree of local interest that resulted in an excellent 
turnout of engaged senior staff and stakeholders. Communities that have not encountered 
local impacts or begun adaptation planning may have more difficulty generating interest in 
the topic. A recurring comment in the final discussion session was that the general public 
must be consulted in the process if an adaptation strategy is to be successful. Since the 
workshop researchers have sought input from the broader community about their opinions on
2 As an example of a more directed exercise, the Columbia Basin Trust is developing a tool for 
communities in south-eastern BC that has participants select from a list of regional impacts and 
adaptation measures (M. Laurie, pers. comm. 2011).
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impact priorities. It is valuable to incorporate the results of multiple exercises to add validity 
and comprehensiveness to the research (Morgan 2006).
The workshop serves as a tool that communities can learn from and build upon to increase 
local capacity and outline adaptation priorities. Ambitious objectives were achieved in a 
short time frame with minimal resources by distilling the general steps of existing guides 
into brief, directed exercises that provided usable outputs. However, active facilitation is 
required to keep the workshop on time and the participants focused on adaptation. The short 
time frame allows for involvement by stakeholders who would not be able to participate in a 
longer exercise or ongoing committee. Using this framework, community decision-makers 
can gain a better understanding of climate change and impacts, apply their local knowledge 
to inform adaptation strategies and become champions of adaptation.
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Chapter 3: Learning with practitioners: climate change adaptation 
priorities in a Canadian community
Publication details:
Picketts, I.M., J. Curry, S.J. Dery, and S.J. Cohen, 2013. Learning with practitioners:
climate change adaptation priorities in a Canadian community. Climatic change, 118, 
321-337 DOI: 10.1007/sl0584-012-0653-8.
Published version is available online at: http://link, springer.com/ioumal/10584 
Introduction to Chapter
Chapter 3 outlines how multiple sources of information were combined to create a 
comprehensive climate change adaptation strategy for Prince George. The strategy 
prioritizes and outlines 11 local priorities for adaptation, and discusses potential adaptation 
measures. The primary actions undertaken are outlined in Figure 3-1.
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Figure 3-1 Overview of main research activities and outcomes o f Chapter 3.
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3.1. Abstract
Adaptation is already a necessary response to climate change for northern communities. The 
City of Prince George, in British Columbia, Canada, has been adjusting to impacts for years 
and there is a high level of local awareness of climate change. The purpose of this study was 
to collaborate with City staff and other organizations to undertake action-oriented research 
with the goal of creating a local adaptation strategy. Steps taken toward this goal included: 
producing downscaled climate scenarios; facilitating a workshop with local practitioners to 
prioritize impacts; gathering public feedback regarding impacts; and triangulating sources of 
information to determine community adaptation priorities. Changes to forests and increased 
flooding are the top local adaptation priorities, and impacts related to transportation, severe 
weather and water supply are high priorities. Other impacts, such as health effects and 
agricultural changes, are also important but did not rank highly using a risk framework 
focused on negative physical effects. Local impacts, actions the City is undertaking to 
address them and suggestions for implementing adaptation measures are summarized. The 
process of creating an adaptation strategy has proven highly valuable in Prince George and 
has precipitated further engagement and action. Due to the low profile of adaptation and 
limited resources in many communities, researchers and practitioners must capitalize on 
opportunities to incorporate adaptation into existing plans and processes. Lessons from the 
Prince George experience can be applied to other communities as they strive to effectively 
adapt to climate change.
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3.2. Introduction
Due to greenhouse gases already emitted into the atmosphere, warming and other changes 
will continue for decades even if  aggressive global mitigation measures are enacted 
immediately (Pielke et al. 2007). Therefore, adaptation is now a necessary response to 
climate change. Although humanity is encountering climatic conditions and change rates not 
previously experienced, there have been significant advances in humans’ abilities to prepare 
for changes and implement proactive adaptation measures (Jacques 2006; Smit and Wandell 
2006; Fiissel 2007). Advancements in climate modeling capabilities, particularly related to 
downscaling, enable decision-makers to consider the risks and opportunities o f climate 
change at the local scale and to implement appropriate responses in their communities 
(Jacques 2006; Hunt and Watkiss 2011).
The need for adaptation is now well defined, and most communities in developed regions
have the means to effectively adapt to climate change by making themselves more resilient
and less vulnerable to expected and unexpected changes (Adger et al. 2007; Engle 2011).
There has been a recent surge in adaptation planning and action (Berrang-Ford et al. 2011;
Hunt and Watkiss 2011; Preston et al. 2011) and many positive community adaptation
examples now exist in Canada (Richardson 2010) and around the world (UNFCCC 2011).
However, recent assessments indicate that comprehensive adaptation planning and action is
still at an early stage. Through a review of academic literature, Berrang-Ford et al. (2011)
established that only 13% of articles related to adaptation in human systems had shifted
focus to actions beyond assessments, capacity evaluations and conceptual approaches. This
shows that comprehensive adaptation efforts have not made their way into the peer-reviewed
literature, although they may still be occurring. Hunt and Watkiss (2011) reviewed both
64
academic and ‘grey’ literature and found that most adaptive action to date has focused on 
awareness-raising. They found examples of detailed assessments that analyze impacts across 
sectors, evaluate adaptation options and make recommendations. However, these examples 
have largely focused on a single issue (usually sea-level rise), or occurred in large, well- 
resourced cities (such as New York and London).
Other assessments also show common shortcomings in local adaptation plans and actions. 
Preston et al. (2011) evaluated adaptation strategies in developed regions and found that 
plans generally were ineffective in reducing risk, did not link to other policies and objectives 
and were lacking in rigorous climate analysis. Storbjork (2010) noted a lack of 
communication amongst local decision makers in Swedish case studies, and found that 
adaptation plans were created by specific individuals rather than broader organizational 
processes. These findings were echoed by Burch (2010) who concluded that capacity did not 
translate into effective action in British Columbia (BC) communities largely due to poor 
organizational communication and cooperation. Therefore a significant challenge in climate 
change adaptation is communicating, advancing and applying research toward broad-scale 
implementation.
Cohen (2010) suggested that achieving local adaptation involves effectively translating 
information to a community context, and engaging with local decision-makers to help them 
apply this information in their fields of practice as ‘extension agents’. Because of 
adaptation’s low profile compared to mitigation and the multitude of challenges facing 
communities, it is best to normalize actions into existing community plans to improve 
chances of implementation (Adger et al. 2007; Preston et al. 2011). Moving forward, it is 
crucial to acknowledge that adaptation and mitigation are both necessary responses to
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climate change and to encourage actions which address both concurrently (Klein et al.
2007).
The purpose of this article is to illustrate how scientific information and the theoretical 
frameworks of social learning and action research can be applied to build awareness in a 
community, prioritize impacts and begin outlining adaptation measures. With extensive 
assistance from City staff, and local, provincial and federal organizations, a group of 
researchers (we) collaborated with the City of Prince George in BC, Canada, to create a 
community climate change adaptation strategy. For context we describe the case study 
community and the circumstances leading to a high level of local awareness of climate 
change. We overview the steps taken to generate community feedback and develop a list of 
adaptation priorities. The priorities are then summarized along with actions -  both occurring 
and recommended -  to address them. Finally we discuss how researchers and practitioners 
can learn from and apply this action-oriented, interdisciplinary research to advance 
community adaptation planning across Canada and the world.
The City of Prince George
With a population of 76 000, Prince George is the largest centre in northern BC. It is situated 
just east of the geographical centre of BC at 53°53' N, 122°40' W, and an elevation of 575 m 
(Figure 3-2). The City lies within a region that has a continental climate with extremes in hot 
and cold weather, and experiences snow cover from roughly November to March (BCMOF 
1998). Prince George has strong ties with the forestry industry, which accounts for nearly 
30% of local jobs (BC Stats 2010). The City is an ideal case study community to partner 
with on adaptation research for a number of reasons, including:
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Figure 3-2 Location map and satellite image of Prince George City centre.
• Vulnerability to climate change: Northern regions in BC are facing rapid climatic 
changes (Walker and Sydneysmith 2008), and resource-dependent towns are 
particularly vulnerable to impacts (Field et al. 2007; Williamson et al. 2009). As an 
inland city Prince George also faces different climate impacts than those commonly 
associated with sea level rise; which has been the focus of most adaptation 
assessments to date (Hunt and Watkiss 2011).
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• High adaptive capacity: Prince George has a high adaptive capacity due to available 
technological and institutional resources, local leadership, a credible local 
government, and an aware and engaged public (Crabbe and Robin 2006).
• Leadership among northern communities: The City has shown a strong 
commitment to adaptation, and can act as a model for more vulnerable northern and 
First Nations populations (Field et al. 2007).
Before research formally commenced in Prince George, local practitioners were becoming 
aware of climate change and making adjustments to impacts. The most apparent impact in 
north-central BC has been the proliferation of the mountain pine beetle. This pest is a natural 
component of the forest ecosystem, but populations are historically kept under control by 
consistent cold winter temperatures. Warmer conditions (along with forestry practices that 
have increased numbers of pine trees) have contributed to the current outbreak, which affects 
an area greater than 130,000 km2 and has profound economic, social and environmental 
implications for the province (Kurz et a l 2008; Williamson et al. 2009).
In 2001 the Transportation Manager of Prince George was reviewing winter road snow and 
ice management practices. The Manager produced a graph from local data revealing a clear 
wintertime warming trend in the City (with minimum temperatures rising faster than 
maximum temperatures) and decreasing precipitation falling as snow. A representation of the 
original graph is shown as Figure 3-3, and is an excellent example of community-initiated 
research. The information was shared with senior planners and engineers who have since 
become champions of adaptation action. In 2007 researchers and the City partnered to 
collaborate on local climate change adaptation.
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Figure 3-3 Time series o f winter air temperature and snowfall changes for the City o f Prince George 
from 1956 to 2004 (courtesy o f : City o f Prince George).
3.3. Conceptual fram ework
This research integrates the tradition of social learning planning, as outlined by Friedmann 
(1987). Features of social learning are: engagement with stakeholders is central to the 
research; both actors and researchers work and learn together; and the separation between 
knowing and doing is reconciled through action. According to Preston et al. (2011, p.409), 
‘climate adaptation is fundamentally a process o f social learning\ Social processes allow
communities to utilize social networks and local knowledge to address this complex and 
context-specific challenge (Wolf 201 1, p.23), and fostering a culture of collaboration and 
innovation can enable effective community climate action (Burch 2010). With the focus on 
dialogue between scientists and stakeholders, and the utilization of both practitioner-based 
and research-based sources of information, this framework also reflects the participatory 
approaches outlined by Cohen et al. (2006), van Aalst et al. (2008) and Moser and Elkstrom 
(2011).
The project has strong links to action research, as the primary purpose is to create knowledge 
that is useful to people’s lives (Reason and Bradbury 2006; Bradbury-Huang 2010). Action 
research attempts to bridge the traditional gap between those with academic and theoretical 
knowledge, and practitioners that possess practical information (Schon 1983). All parties 
participated in the research, contributed to the knowledge generated and learned from the 
experience. The research is strongly contextualized in place, and the design must be flexible 
to account for the realities of working with real-life problems. Action research also has 
strong links to the aforementioned participatory approaches, and has been illustrated by 
Adger (2003) to be an effective way to engage with communities on adaptation.
The frameworks of social learning and action research were applied in Prince George as 
citizens shared their experiences and knowledge to direct ongoing research and action. 
Outcomes from workshop and community feedback exercises were applied to outline 
adaptation priorities, and provide direction on how these priorities should be addressed. The 
priorities were determined by stakeholders through risk assessments, which are a common 
practice in local adaptation that highlight how impacts uniquely affect communities (Crabbe 
and Robin 2006; Smit and Wandel 2006; Fiissel 2007; City of Chicago 2008; van Aalst et al.
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2008; Wolf 2011). Assessments were informed with local downscaled climate projection 
information when possible (Randall et al. 2007). Researchers used available sources of 
information, took advantage of opportunities to engage with stakeholders, and sought to 
‘normalize’ (or mainstream) actions into existing plans and processes. Because of 
adaptation’s low public profile and the plethora of issues facing local staff, this opportunistic 
approach is especially relevant for communities adapting to climate change (Crabbe and 
Robin 2006; Smit and Wandel 2006; Adger et al. 2007; van Aalst et a l 2008).
3.4. Steps toward an adaptation strategy
The results of multiple exercises were combined to inform an adaptation strategy for Prince 
George. The key activities and outcomes integrated into the strategy are listed below, 
visualized in Figure 3-4, and discussed in more detail afterward.
I. Analysis of past climate trends and downscaled future projections, created in 
partnership with the Pacific Climate Impacts Consortium (PCIC), informed future 
actions.
II. The Planning Institute of BC (PIBC) workshop pointed toward the need for more 
local participation, and the subsequent ‘City Adaptation Workshop’ gathered feedback 
on adaptation priorities from 28 local practitioners and other key stakeholders.
III. Results from 571 respondents to a ‘City Survey’ and 74 participants who completed 
a ‘Local Impact Assessment’ at a sustainability event were used to provide community 
feedback regarding climate impacts.
IV. Adaptation priorities were determined by triangulating sources of information.
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V. Priorities were described and implementation actions recommended in an adaptation 
strategy.
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Figure 3-4 Overview o f activities informing the Prince George adaptation strategy.
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Past trends and future projections information
GCMs have emerged as the best tools for producing detailed future climate scenarios 
(Randall et al. 2007), and were identified at an early stage as a research requirement. The 
desire for quality climate information to assist adaptation decision-making led to a 
partnership with PCIC climatologists, who participated in several events and coauthored a 
document outlining past trends and future projections for the region (Picketts et al. 2009a). 
Highlights of the report (with projections compared to ‘normals’ or average conditions 
between 1961 and 1990) are as follows:
Past trends
• Prince George is strongly influenced by patterns of climate variability including the 
El Nino Southern Oscillation and the Pacific Decadal Oscillation. Examining past 
variability can provide insight into how natural and human systems may respond to 
future changes.
• Air temperatures in Prince George warmed at a rate of 1,3°C per century between 
1918 and 2006. Minimum temperatures increased at a faster rate of 2.2°C per century 
while maximum temperatures only increased at 0.4°C per century over this period.
• Total precipitation, snowfall and rainfall each increased between 1918 and 2006. 
Since 1931 trends have been negative for snowfall (as illustrated in Figure 3-2) but 
positive for rainfall, suggesting that more precipitation has been falling as rain.
Future Projections
• Through an examination of 140 climate projections from runs of 22 GCMs under 
multiple IPCC emissions scenarios (Fisher et al. 2007), annual air temperatures in the
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region are projected to increase by 1,6°C to 2.5°C by the 2050s (based on the 25th to 
75th percentiles of projections).
• Through an examination of 140 GCM projections, precipitation is projected to 
increase by 3% to 10% annually in the 2050s. Larger increases are expected for 
winter, and precipitation may decrease in summer.
• Downscaled maps from regional climate model (RCM) projections help to 
communicate the spatial variability of temperature and precipitation projections in 
central BC.
Changes in temperature and precipitation of the magnitude expected will likely have a 
serious impact as they are above the historical range in variability for the Prince George 
region, and will thus create conditions that have not occurred before in the instrumental 
record.
City adaptation workshops
In June 2008 researchers hosted a workshop at the PIBC annual conference to educate 
professional planners, and also to discuss adaptation strategies for Prince George. The event 
did not yield outcomes that could be used to inform a local adaptation strategy, but it was 
extremely successful in bringing together many local and regional stakeholders (Picketts and 
Curry 2011). A subsequent focused City Adaptation Workshop was held for Prince George 
City staff and other key local stakeholders in November 2008. The purpose of the workshop 
was to guide the 34 practitioners to apply the regional climate information to identify local 
adaptation priorities and offer ideas for implementation. For a detailed overview of the 
workshop and its outcomes see Picketts et al. (2012b).
74
The workshop consisted of the following steps to yield the most useful results within a short 
time period (so that senior decision-makers could participate):
a. Organizers defined the workshop scope, the focus on adaptation, and the 
participants’ role as experts with local knowledge and experience.
b. A PCIC climatologist presented an overview of past climate trends and future 
projections for the region.
c. The plenary was divided into four facilitated focus groups, each with 
representatives from City long term planning, current planning, utilities, and 
environmental sectors. Participants applied the climate information to identify 
the top impacts that will affect the City.
d. Organizers combined the focus group outcomes into a master list, and 
presented it back to the plenary for discussion and finalization.
e. Participants individually ranked each adaptation priority from the master list 
in terms of risk (and could add and rank ‘other’ impacts). They also provided 
feedback regarding how implementation should occur locally.
The risk priorities in the master list were evaluated by the workshop participants by ranking 
the variables, ‘likelihood and timing’ and ‘consequences of inaction’ on a scale from one to 
five. The overall risk is the product of the two rankings. This method was adapted from the 
City of Chicago (2008), is similar to the framework adopted by the United Kingdom Climate 
Impacts Programme (UKCIP) (2011) and is fully described in Picketts et al. (2012b). The 
average results for overall risk, from the 28 participants who completed the entire exercise 
(82% of attendees), were used to prioritize the 12 impacts and are presented in the left 
columns of Table 3-1. Participants were asked to discuss implementation for each impact by:
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identifying the City sectors (or outside agencies) that should be involved in adaptation; 
selecting local plans where adaptation measures should be included; and highlighting 
implementation actions (both potential and occurring) and information needs.
Community feedback
Public engagement is central to social learning (Friedmann 1987) and was identified as a 
valuable tool for informing an adaptation strategy, as well as gaining support for 
implementation. Therefore community feedback was sought to assist in prioritizing climate 
impacts. Fortunately a local research network exists that has been conducting annual public 
opinion surveys in Prince George since 1994. In 2008 the survey working group (consisting 
of City staff and academics) included several questions about climate change and local 
climate impacts in the survey in anticipation of a local sustainability plan. The City Survey 
was mailed to 5000 residents, and the outputs meet the criteria for a random quantitative 
assessment of Prince George citizens. The sample size (647 respondents) and response rate 
(13%) give error margins of ±4%, 19 times out of 20 (Nordin 2008; A. Michalos pers. 
comm. 2009).
Early questions in the City Survey provide interesting insights regarding local awareness and 
concern. When asked about how personally concerned they were about the issue of climate 
change, 54% of residents stated they were extremely or definitely concerned and 90% were 
at least somewhat concerned. In a later question, respondents were asked if they thought 
Prince George would be affected by climate change. Those who indicated ‘yes’ were then 
asked to identify how the City would be affected by selecting from a list of five impacts. 
(Participants could select as many of the impacts as they wished and could also write in
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‘other’ impacts.) Eighty-eight percent of respondents (571) indicated that Prince George 
would be affected by climate change, and answered the follow-up question by selecting 
impacts. The responses are summarized in the centre columns of Table 3-1. However, given 
the limited nature of this survey -  with only a list of five impacts to choose from and no 
information on future climate scenarios and adaptation -  we pursued other opportunities to 
solicit public feedback.
An opportunity to engage with the public and solicit feedback occurred through a local 
‘Smart Growth’ sustainable planning initiative for Prince George (SGOG 2009). We 
partnered with the Smart Growth facilitators to integrate adaptation into the process and 
gather community feedback at an information event. At the event a researcher presented an 
introduction to climate change adaptation and summarized the regional climate information 
created with PCIC. Event participants completed a ‘Local Impact Assessment’ by indicating 
which impacts would affect Prince George most and should be addressed in an adaptation 
strategy. Participants were presented with 13 impacts and could select up to five (and could 
write in ‘other’ impacts), and were also asked to submit feedback regarding implementing 
local adaptation measures. The impact results are summarized in the right columns of Table 
3-1.
The Local Impact Assessment was specifically designed to inform the adaptation strategy, 
and was completed by 74 members of the public who attended the ‘Smart Growth’ event. 
Opportunistic and convenience sampling methods were used to obtain these results (Patton 
2002) and they do not meet the criteria of a random sample. Sample selection has a profound 
effect on the ultimate quality of research (Coyne 1997). All respondents were likely from 
Prince George, and had self-selected by participating in the event. As the sample population
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is poorly defined, less weight is attributed to the final priorities based on this feedback. The 
results were used to add validity, bring up inconsistencies for discussion, and fill in gaps 
present due to the small number of impacts evaluated in the City Survey.
Determining adaptation priorities
The outcomes of three exercises were combined to determine a final list of adaptation 
priorities that reflected feedback from local experts and community members. Since there 
were no common ‘other’ responses presented in any exercises they are not included in the 
analysis. The data used for analysis are presented in Table 3-1 and are as follows:
1. The average products of the risk scores for each impact determined by the City 
Adaptation Workshop participants, converted into a percentage of the total possible 
risk (25).
2. The percentage of respondents from the City Survey who indicated each impact that 
would affect Prince George.
3. The percentage of respondents from the Local Impact Assessment who indicated 
each impact that would most affect Prince George.
Combining different methods strengthens research by joining the attributes of each into a 
single research project (Morgan 1998). There are formidable challenges in combining 
research that is more qualitative in nature with research that is more quantitative due to the 
different paradigms and sets of assumptions associated with each methodology (Casebeer 
and Verhoef 1997) and researchers’ tendencies to favour one and discount the other.
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Table 3-1 Summary of impact prioritization exercise results.
1. City Adaptation 
Workshop 2. City Survey 3.Local Impact Assessment
# of evaluators: n = 28 # of respondents: n = 571 # of participants: n = 74
Impact
Risk
rating
(%)
Impact
%that
selected
impact
Impact
% that 
selected 
impact
Increased forest 
fires
61.6 Forestry/forest
health
71.9 Forests 66.2
Increased
flooding
53.5 Rising water 
levels/flooding
60.6 Increased river 
flooding
62.2
Extreme weather 
emergency 
response
48.2 Extremeweather 48.8 Road conditions 54.1
Threats to water 
quality & 
quantity
45.1 Health problems 46.3 Forest fire risks 40.5
Stresses of 
freeze thaw -  
roads
40.4 Drought/watershortages 37.1 Health issues 35.1
Erosion/
landslides
39.9 Severe weather 
events
33.8
Storm-water
infrastructure
39.8 Slope stability 29.7
Utilities
infrastructure
36.8 Storm-water
capacity
28.4
Transportation
infrastructure
34.4 Water quality 
problems
21.6
Extreme weather 
-  transport & 
people
33.3
Agricultural
changes 17.6
New residents & 
businesses
14.7 Emergency 
services need
16.2
Increased
agriculture
14.0 Water shortages 13.5
Effects to 
buildings
12.2
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However, there are many examples of successful integration, particularly in the health 
sciences field (Jick 1979; Casebeer and Verhoef 1997; Morgan 1998).
It was not practical to statistically compare the different data sets to determine a final list of 
priorities because the studies involve different methods, sample sizes and response options. 
The City Survey is reflective of a quantitative assessment (i.e., broad, generalize-able data 
gathered in an objective manner), and the City Impact Assessment and City Adaptation 
Workshop reflect attributes of qualitative methodologies (i.e., focused assessments with 
fewer participants and direct researcher engagement). Therefore the method of 
complementary triangulation outlined by Morgan (1998) was employed to integrate the 
feedback. This method begins with an examination of the primary research (City Adaptation 
Workshop), and then uses the secondary research (City Survey) and tertiary research (Local 
Impact Assessment) for comparison and finalization. If the studies arrive at the same results 
the outcomes are more legitimate as they are not a function of a single methodology. To 
amalgamate the priorities into one list, the impacts were first generalized into appropriate 
categories using the sectors identified by Walker and Sydneysmith (2008) as a reference. 
Prince George staff provided feedback so that impacts were defined at an appropriate scope 
for the City to consider. Prioritization was conducted by the primary researcher, and then 
verified independently by other researchers and City staff. The impacts clearly fell into four 
different priority levels; however there were disparities in the orders within the levels. The 
levels identified are as follows:
• Top Priorities: clearly identified as the top impacts in all assessment exercises.
• High Priorities: ranked highly in all exercises where the option was presented.
• Medium Priorities: identified as a priority in most exercises.
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• Other Priorities: important priorities that warrant further investigation; however are 
not properly characterized by a risk assessment focused on negative physical impacts.
The adaptation priorities are presented in Table 3-2.
Table 3-2 Prince George adaptation priorities and examples.
Level of 
Priority Impact
Local adaptation action occurring (Occ) or 
recommended (Rec)
Top
Priorities
1 Forests Occ: City is removing beetle-kill wood within 
City limits to mitigate fire risk
2 Flooding Occ: Climate projections have been incorporated 
into City Flood Risk Assessment
High
Priorities
3 Transportation
infrastructure
Rec: Design roads more resilient to freeze-thaw 
events and other changes
4 Severe weather / 
emergency response
Rec: Ensure vulnerable residents are protected in 
extreme weather response plans
5 Water supply Rec: Educate residents about indoor and outdoor 
water conservation
Medium
Priorities
6 Slope stability Rec: Incorporate future projections in slope risk 
assessments
7 Storm-water Rec: Increase on-site retention capabilities and 
design infrastructure for larger storm events
8 Buildings and 
utilities
Occ: Local building designed so water can enter 
parkade during high levels
Other
Priorities
9 Health Rec: Partner with local organizations to study 
climate change and health impacts further
10 Agriculture Rec: Conserve potentially viable land to capitalize 
on longer growing season
11 New residents and 
businesses
Rec: Prepare to showcase attributes such as 
potable water supply and growing season
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Implementation
Information on climate change, adaptation, and a detailed overview of the priorities was 
compiled in the report “Adapting to Climate Change in Prince George: An overview of 
adaptation priorities''' (Picketts et al. 2009b). The document was presented to Prince George 
City Council in November 2009, along with a proposal to seek further funding and match it 
with City dollars to continue adaptation research. Council unanimously approved the 
proposal, which has led to further investigation of the priorities and efforts to incorporate 
adaptation into local land use and sustainability plans.
Many adaptation actions are already occurring in the City, even though climate change is 
rarely cited as a motivating factor. The adaptation priorities, along with an example 
adaptation action for each, are outlined in Table 3-2. It is important to note that there is 
considerable overlap between the priorities. The information about the impacts was 
generated by: compiling the qualitative feedback from the City Adaptation Workshop and 
the Local Impact Assessment; continuing collaborations with local practitioners; and 
reviewing literature. The local context of the impacts and implementation suggestions are 
explained below.
Forests: Climate change is already affecting forests in Canada, particularly through 
increases in the frequency and severity of disturbances (Williamson et al. 2009, p.3). Prince 
George is surrounded by forested lands (Figure 3-2), but has exceptional capacity regarding 
forest management and is taking action to address fire risk, diversify its economy, and to 
plant different species of trees in parks in response to changing conditions. 
Recommendations include explicitly identifying adaptation as a motivator in fire-risk
82
mitigation initiatives, and increasing understanding of the relationship between forest 
disturbance, hydrology and flooding (BCMOE 2008).
Flooding: As Prince George is located at the confluence of the Fraser and Nechako Rivers 
(Figure 3-2), flooding is a major concern. The City recently conducted a Flood Risk 
Assessment, and researchers worked with consultants to incorporate climate projections into 
the flood risk analysis. The assessment includes a recommendation for an additional 0.4 m of 
freeboard allowance (i.e., vertical distance above calculated flood plain) to account for 
potential impacts related to climate change and the mountain pine beetle (NHC 2009).
Transportation infrastructure: The impacts of extreme weather, increased freeze-thaw 
cycles, and precipitation and temperature changes are affecting roads and other 
transportation infrastructure in Prince George (Dyer 2006). Through continued funding the 
City is examining strategies to improve road monitoring, maintenance and explore 
alternative designs (Mills et al. 2009). There is an opportunity to address mitigation and 
adaptation concerns concurrently by building fewer but more resilient roads.
Emergency response and severe weather: Extreme weather events directly affect BC 
residents more than any other climate-related risk (Walker and Sydneysmith 2008, p.339). 
This impact relates closely with the first three priorities, and also intense precipitation 
events, heat waves, rain on snow events, ice storms and other extreme or unusual weather 
(Huq et al. 2007). Recommendations include adjusting land use to increase resiliency and 
ensuring that vulnerable citizens (such as elderly and rural residents) are accounted for in 
response plans.
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Water supply: Water quantity and quality are closely interrelated, and therefore considered 
jointly as ‘supply’. Prince George has an abundance of clean water; however it is highly 
vulnerable to contamination (City of Prince George 2005)3. Recommendations include 
encouraging conservation and source protection among residential, industrial and 
agricultural users.
Slope stability: This is a significant concern in many areas in Prince George (Figure 3-2), 
and problems are exacerbated by the mountain pine beetle infestation (BCMOE 2008). 
Recommendations include utilizing climate scenarios in slope assessments and incorporating 
these considerations into long term plans.
Storm-water: Storm-water management relates to all other priorities identified in the 
strategy, especially flooding (Huq et al. 2007). Potential adaptations include increasing 
onsite storage, upgrading infrastructure to accommodate higher flows and maintaining the 
capabilities of natural retention areas.
Building and utilities: This category refers to City infrastructure not related to 
transportation. New design values, codes and standards are required to properly consider 
climate change (Infrastructure Canada 2006). One recommendation is to assess future 
developments before construction to consider potential climate-related risks (Riley 2000).
Other priorities: ‘Health’ was not selected as a priority impact in the City Adaptation 
Workshop, most likely because it is difficult to relate health impacts to projections and 
quantify in terms of likelihood and consequence. However, it was ranked highly in the 
community feedback. ‘Agriculture’ and ‘new residents’ also did not rank highly in the City
3 This is because  th e  w a te r source  is from  and unconfined aquifer, and is th u s vu lnerab le  to  con tam ination .
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Adaptation Workshop because climate change does not pose significant short-term threats to 
food production or population in Prince George. Agriculture is a local priority for further 
action in the City with some positive implications and mitigation co-benefits. Potential for 
new residents and businesses also has positive implications that should be planned for long 
term. These ‘other’ priorities warrant further exploration.
3.5. Discussion
As a northern community Prince George is already dealing with the realities of a changing 
climate. The community will continue to face challenges associated with rapid climate 
change, but it has a high adaptive capacity and has already taken many proactive measures to 
consider impacts. This is not the final step in this research, but a starting point that identifies 
priorities for adaptation and provides suggestions for solutions. Ongoing research focuses on 
implementing effective measures that minimize anticipated negative impacts, increase 
resiliency to unexpected impacts and exploit positive opportunities. Adaptation is currently 
being incorporated into long term City plans as well. Prince George is positioned to become 
an international leader in community climate change adaptation, and actions are attracting 
positive attention on the City and helping to showcase its attributes.
Downscaled climate data informed many aspects of this research. Investigators took great 
efforts to present the relevant information in a simple yet scientifically-robust manner and 
use the information appropriately. Still, participants in the workshop and impact evaluation 
events gave feedback that it was too complicated to understand. The ‘translation’ of climate 
science to formats where it can influence local decisions persists as a challenge for the 
greater research community (Cohen 2010). Shaw et al. (2009) present the visualization of
85
future scenarios as a mechanism to contextualize the impacts at a local level in a more 
accessible format. Adger et al. (2009) stress that uncertainties associated with climate 
projections should not be a limiting factor in adaptation efforts because projections will 
always be uncertain, and there are many other greater sources of future uncertainty including 
technological, political and economic unknowns.
The order of the impact priorities is not necessarily the same order that impacts should be 
addressed in Prince George because initiatives are already underway to address some 
impacts, and ‘other’ impacts were not properly represented in the exercises. (For example, 
researchers have limited further involvement in forest impacts to reporting on existing 
activities and encouraging cross-sectoral collaboration.) The highest priority for continued 
action has been identified by local practitioners as transportation infrastructure. Efforts to 
incorporate adaptation into storm-water management, slope stability mapping and ecosystem 
mapping (a priority not identified through the research) projects are underway. Although the 
priority list does not directly correlate with implementation actions, the prioritization 
exercise was extremely helpful in creating and gaining support for the adaptation strategy 
and serves as an excellent platform for future action. Triangulating the sources of 
information clearly highlights the top local adaptation priorities and increases the validity of 
the results. Outlining actions (both implicit and explicit) already underway to address 
impacts in the City helps to illustrate existing community leadership, empower future 
initiatives and encourage communication between sectors addressing the impacts.
Ultimately, the process of creating the plan -  and the communication, capacity building, 
collaboration and reflection that it encouraged -  is likely as important as the plan itself. 
Therefore practitioners and researchers need not shy away from creating strategies by
generating, utilizing and combining different sources of information, as long as the 
uncertainties of the results are clearly communicated and stakeholders are made aware that 
the plan can be revised as more information becomes available.
The existing local awareness of climate change in Prince George was a major contributing 
factor in the success of this research. The awareness allowed for a brief, directed workshop 
that was attended by senior City staff and key stakeholders. Many of these stakeholders 
continued to be involved in the project after the City Adaptation Workshop by assisting in 
creating and finalizing the adaptation strategy. Existing awareness also led to adaptation 
questions being incorporated into the City Survey, and for the City to support the 
incorporation of adaptation into a community initiative and allow for the Local Impact 
Assessment. All of these factors contributed to a comprehensive adaptation strategy that was 
approved by City Council, and continued support toward implementation. Many 
communities embarking on adaptation research must firstly dedicate resources toward 
increasing local awareness and understanding.
As action research, this project is bound by the realities and restraints of working with an 
actual community. Researchers ideally would have conducted an assessment with key 
stakeholders first, and then used the results to inform a broader community investigation 
(Morgan 1998). (In our case study, ideally the participants in the City Survey and Local 
Impact Assessment would have provided feedback on the list of impacts created in the City 
Adaptation Workshop.) In action research and social learning, investigators cease to become 
impartial observers and participate fully in the research: therefore the biases of the 
researchers may have influenced results. The largest sources of potential bias were in the 
creation of adaptation priorities for the surveys and in the final strategy. To reduce bias, we
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finalized all impact lists with input from other researchers and stakeholders, and gave 
participants in all exercises the opportunity to identify and discuss ‘other’ impacts. However, 
almost no ‘other’ impacts were identified, and none were analyzed or added to the results.
3.6. Conclusions
As it is a relatively new area of study, there are few examples of successful community 
adaptation to build on (Hunt and Watkiss 2011), and fewer examples of peer-reviewed 
literature outlining comprehensive adaptation strategies (Berrang-Ford et al. 2011). The 
Prince George case study serves as an example that academics, practitioners and 
communities can learn from as they explore the challenge of planning for adaptation and 
outlining local-scale implementation measures. The process of prioritizing impacts can be 
extremely valuable in building capacity and mobilizing local expertise for communities, but 
the outcomes should not be expected to be a definitive roadmap for future action.
Experiences from Prince George illustrate many areas of progress in local adaptation beyond 
common shortcomings identified by Burch (2010), Storbjork (2010), Berrang-Ford et al.
(2011), Hunt and Watkiss (2011) and Preston et al. (2011). The Prince George case study 
illustrates how a community can:
• incorporate rigorous climatic analysis into assessments;
• promote communication and teamwork so that adaptation initiatives are part of 
broader organizational approaches;
• shift from general approaches toward explicit adaptation actions;
• link adaptation plans to other policies and objectives; and
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• plan proactively in a small city for multiple impacts unrelated to sea level rise.
Although small centres have fewer resources to address long term issues, many have high 
adaptive capacities due to strong community networks and leadership. Local governments 
are well-positioned to act quickly and incorporate adaptation into ongoing processes. With 
appropriate support communities can become effective agents of climate change adaptation, 
Prince George illustrates how a smaller centre can create and join local processes, and 
mobilize to begin planning for and implementing adaptation measures.
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Chapter 4: Incorporating climate change adaptation into local plans
Publication details:
Picketts, I.M., S.J. Dery, and J. Curry. Incorporating climate change adaptation into local 
plans. Journal o f environmental planning and management. In press, 19 pp.
DOI: 10.1080/09640568.2013.776951
Published version is available online at: http://www.tandfonline.com/loi/ciep20 
Introduction to Chapter
Chapter 4 outlines how we incorporated climate change adaptation content into the Prince 
George Integrated Community Sustainability Plan and the Official Community Plan. The 
process to create the plan, and the way in which researchers participated in the process, is 
outlined in detail. Final adaptation content in both plans is overviewed, and aids and barriers 
to incorporating adaptation into local plans are identified and discussed. The primary actions 
undertaken in Chapter 4 are outlined in Figure 4-1.
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Figure 4-1 Overview of main research activities and outcomes of Chapter 4.
91
4.1. Abstract
Local governments can encourage proactive action on climate change by incorporating 
adaptation measures into long term planning documents. Authors undertook action-oriented, 
case study research by participating (as adaptation experts) in the process to create a 
sustainability and land use policy plan for the City of Prince George, Canada. A range of 
adaptation measures were incorporated into both documents. Factors enabling the 
incorporation of adaptation included a high level of local awareness, an existing adaptation 
strategy to draw upon and the flexible process used to create the plans. Challenges such as a 
lack of priority, limited policy direction and perceptions of climate change as solely an 
environmental challenge persist as barriers to incorporating adaptation into local plans, 
particularly in smaller centres.
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4.2. Introduction
Due to greenhouse gases (GHGs) already in the atmosphere, changes to the climate system 
will occur for the next 50 years or longer whether or not humanity undertakes meaningful 
mitigation measures (Klein et al. 2007). Therefore adaptation is already a necessary response 
to climate change, and adaptation will become more important -  and more difficult -  the 
longer society fails to stabilize atmospheric GHG concentrations (Swart and Raes 2007). 
Adaptation can be defined as actions that help us to account for the negative and positive 
impacts of climate change, and can occur in anticipation of impacts (proactively) or in 
response to them (Fussel 2007). Proactive adaptation is, obviously, a less expensive and 
safer course of action. However, humanity’s inability or unwillingness to think ahead and 
manage risk has been illustrated by the very situation that has led to the need for adaptation.
Although mitigation is the only real long-term solution to all of the impacts of climate
change (with the possible exception of geo-engineering), adaptation is now a necessity
(Jacques 2006). Cities have been, and can continue to be, global leaders in climate action
(both mitigation and adaptation) due to their pragmatic and action-oriented focus
(Rosenzweig et al. 2011). Adaptation is well-suited to local levels of governments, as
citizens can participate in creating targeted adaptation strategies that address the important
regional impacts, and these strategies will provide tangible benefits to local residents (van
Aalst et al. 2008; Ayers and Forsyth 2009; Measham et al. 2011). In contrast, mitigation
actions will only bring about noticeable changes to the climate after long periods of time,
and with broad international participation. Adaptation can serve as a starting point that builds
climate change awareness and knowledge in a non-threatening manner, and may compel
stakeholders to become champions for mitigation. Adaptation and mitigation should be
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viewed as complements, not competitors, as both are necessary responses to reduce the 
negative impacts of climate change (Klein et al. 2007; Swart and Raes 2007; Bizikova et al. 
2008; Howard 2009).
Historically, adaptation has received much less international focus than mitigation (Fiissel 
2007), and was primarily a research issue associated with developing countries and 
environmental concerns (Burton 2011). Recently there has been a surge of interest in 
adaptation and there is a large and growing number of resources available to assist cities and 
towns as they pursue adaptation. Guidebooks such as King County (2007), Bizikova et al. 
(2008), the City of Chicago (2008) and the International Council for Local Environmental 
Initiatives (ICLEI) (2010) help guide local governments as they determine climate impacts 
and prioritize responses, and multiple success stories showcase approaches communities can 
take to engage in adaptation (UNFCCC 2011).
Despite the surge in interest and the plethora of new resources available for local 
governments, there is a paucity of comprehensive and binding adaptation plans for 
communities. In the Fourth Assessment Report of the IPCC, Adger et al. (2007) concluded 
that: adaptation measures are only taking place on a limited basis; most adaptation measures 
are part of existing processes and not stand-alone initiatives; substantial barriers to effective 
adaptation persist; and few examples that account for future change exist. The Fourth IPCC 
assessment is now over five years old, but more recent studies also show that there are still 
few examples of research or plans that link to broader strategies and outline concrete actions 
(Tang et al. 2010; Berrang-Ford et al. 2011; Hunt and Watkiss 2011; Preston et al. 2011; 
Baker et al. 2012). Also, many of the existing plans and initiatives focus on large urban 
cities and/or solely on sea level rise (Hunt and Watkiss 2011; Rosenzweig et al. 2011).
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There is a vast array of barriers local governments face related to adaptation. Most local 
governments are under-resourced with staff members already facing a multitude of urgent 
issues on a daily basis (McLeman et al. 2011; Measham et al. 2011). Many local 
governments also face further capacity challenges as higher levels of government download 
additional responsibilities to them (Baker et al. 2012; Measham et al. 2011). There are few 
examples of studies reporting on actual adaptation actions (Berrang-Ford et al. 2011), and it 
is an unfamiliar concept to local decision makers in smaller centres (McLeman et al. 2011, p. 
450). Climate change is a broad topic that affects all aspects of a community, but there is a 
misconception that its impacts are only environmental in nature (Burton 2011; Measham et 
al. 2011; Hjerpe and Glaas 2012). Baker et al. (2012, p. 134) have highlighted the failure to 
consider adaptation across all sectors of local governments as the most apparent limitation to 
adaptation plans in Australia. There are also institutional barriers related to inertia, as 
governments develop set ways of behaving and communicating (Burch 2009; Storbjork 
2010).
These and other barriers represent a challenge when attempting to transition toward the 
implementation phase of adaptation. Burch (2009) has also noted how barriers to local 
climate change action can reinforce each other and make progress exceedingly difficult. In 
light of these realities, researchers and practitioners must be pragmatic, and look for ways to 
“normalize” adaptation into local planning. Incorporating adaptation into existing plans and 
planning processes is an effective way to integrate considerations into social, environmental 
and economic decisions (Klein et al. 2007; Hjerpe and Glaas 2012). Many guides (e.g., King 
County 2007; Bizikova et al. 2008; ICLEI2010) can help create local adaptation strategies,
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but do not provide direction on how local governments can incorporate adaptation into 
broader plans.
Researchers have been working in partnership with the case study City of Prince George, in 
British Columbia (BC), Canada, for several years to increase awareness about climate 
change impacts and create a comprehensive adaptation strategy. Previous efforts have led to 
the creation of downscaled climate information, which was applied by City staff to 
determine adaptation priorities for Prince George (Picketts et al. 2012b). Ultimately this 
information was combined with feedback from the public to create the comprehensive Prince 
George Adaptation Strategy (PGAS), which outlines the main impacts for the City as well as 
measures that can be taken to proactively respond to them (Picketts et al. 2013). The 
adaptation priorities identified in the PGAS are overviewed and briefly described in Table
4-1.
Previous adaptation activities were well-timed, and led to further support. Therefore the 
research team was able to continue collaborating with the City with the focus shifting toward 
implementing measures outlined in the PGAS. All parties acknowledged that it was unlikely 
for the PGAS to receive broad attention as a stand-alone plan, and that adaptation measures 
should be “mainstreamed” into existing initiatives to encourage ongoing implementation 
(Smit and Wandel 2006). Therefore the next phase in research -  and this chapter -  focuses 
on how Prince George could build upon the existing knowledge and capacity to incorporate 
adaptation into two broader planning documents: the new Integrated Community 
Sustainability Plan (ICSP) and the Official Community Plan (OCP) update. Lessons learned 
from the Prince George case study are used to explore aids and barriers to incorporating 
climate change adaptation into local plans. The Methods and Results sections describe
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Table 4-1 Prince George adaptation priorities (adapted from: Picketts et al. 2013).
Level of 
Priority
Impact (and description)
1 Forests (preparing for increased forest fire risk, and changes to parks 
and natural areas)
H 2 Flooding (preparing for and responding to increased flooding on the 
Nechako and Fraser Rivers)
3 Transportation infrastructure (adjusting transport infrastructure for 
changes in freeze-thaw cycles, temperature and precipitation)
H
ig
h 4 Severe weather / emergency response ( avoiding, preparing for and 
responding to increases in extreme weather)
5 Water supply (protecting the quality and quantity of changing surface 
and subsurface water resources)
S
3
1
6 Slope stability (preparing for changes in slope stability)
7 Storm-water (adjusting storm-water management practices for 
changes in temperature and precipitation)
2 8 Buildings and utilities (adjusting building and utilities infrastructure 
for changes in temperature and precipitation)
9 Health (preparing for impacts on illness, wellness and mobility)
O
th
er 10 Agriculture (preparing for changing conditions and growing 
capabilities)
11 New residents and businesses (preparing for a potential increase in 
population)
each phase of the process used to create the plans, the nature of researcher involvement and 
the adaptation content in the final documents. The Discussion section reflects on and 
critically analyzes the process, the nature of the adaptation content in the plans and the 
factors that enabled and discouraged adaptation. The Conclusions present key lessons for 
practitioners, researchers and local governments as they strive to incorporate adaptation into 
mainstream plans. This research is particularly relevant to northern, resource-based and 
smaller communities, where little adaptation research has focused (McLeman et al. 2011).
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Prince George: setting
Prince George is a medium-sized city of 76,000 situated near the geographical centre of BC, 
roughly 600 km inland from the Pacific Ocean. Located at 54°N and 133°W, it has a 
continental climate with long snowy winters (City of Prince George 2012a). Central BC is 
sparsely populated with close ties to the forest industry, and Prince George is the major 
regional forestry centre. The area has been profoundly influenced over the past 15 years by 
the explosion of the mountain pine beetle, which is expected to kill 57% of the merchantable 
pine volume in BC by 2017 (Walton 2012). The pine beetle population was historically 
controlled by consistent cold winter temperatures, and climate change is considered to be a 
major contributing factor in the current outbreak (Kurz et al. 2008). Warmer temperatures 
and changing precipitation patterns have also been linked to road maintenance challenges 
and increased flood risks in Prince George (Picketts et al. 2012b). These events have 
contributed to a high awareness of climate change and its impacts amongst local residents.
Similar to many inland northern areas, central BC has been experiencing rates of climatic 
change that are far greater than global averages (Rodenhuis et al. 2009). Local analysis 
(conducted to inform earlier adaptation research) shows that the City warmed by 
1.3 °C/century between 1918 and 2006, andby 4.3 °C/century between 1971 and 2006. 
Precipitation has increased over this time period, and trends indicate that a greater 
percentage now falls as rain rather than snow. A suite of GCM simulations project that 
average temperatures in Prince George will rise by 1.6°C to 2.5°C in the 2050s (based on the 
25th to 75th percentiles of projections) relative to the 1961 to 1990 baseline, and that annual 
precipitation will increase by 3% to 10%, with possible decreases in precipitation during 
summer (Picketts et al. 2012b).
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Local Plans in BC
Increasingly, local governments are engaging in sustainability planning processes to 
encourage long-term thinking and integrate social, environmental and economic 
considerations into one framework. Plans may be referred to as ICSPs, sustainability 
strategies, long term council plans or comprehensive plans. (Also, communities often select 
a unique name for their plan such as plaNYC, Imagine Calgary, the London Plan, 
Sustainable Sydney, or myPG in the case of Prince George.) ICSPs are used in BC to guide 
local decisions that support health, sustainability and action on climate change (BCMOCS 
2007). The plans are vast in scope, not binding policy and designed to influence and interact 
with a great number of initiatives, strategies, bylaws, reports and systems. An ICSP is multi- 
jurisdictional and includes the municipality as well as the surrounding regional district.
Most cities and towns in developed nations have plans to guide the overall direction of land 
use at a policy level. These plans can have many names in varying forms including OCPs, 
community plans, local area plans, council plans and municipal development plans. OCPs 
are considered the fundamental component of local planning for land use management in 
Canada. They provide a long range community vision, and state and enforce the objectives 
and policies regarding the form and character of the land that lies within the city or town 
(Hodge 2003). Once an OCP is adopted, decisions made by local council for all public and 
private development and works within a city or town must be consistent with the plan.
An OCP covers one jurisdiction (the municipality), has a narrower scope of objectives than 
an ICSP and is binding policy when it becomes adopted by bylaw. The timeline for an OCP 
is shorter than an ICSP, and they typically are updated every five to 10 years (BCLGA
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2011). ICSPs and OCPs are two main planning documents local governments use in BC. The 
scope of an ICSP includes climate action and specifically targets many sectors identified as 
local adaptation priorities (e.g., transportation infrastructure, water supply and forest 
management). An OCP represents an opportunity to create binding policies and objectives 
related to adaptation. Both the ICSP and the OCP are designed to envision a long term plan 
for a city or town and are thus ideal to house adaptation strategies. For these reasons 
researchers and practitioners agreed that adaptation should be incorporated into both plans in 
Prince George.
4.3. Methods
To incorporate adaptation into Prince George plans the authors engaged in action-oriented, 
case study research. The case study research method is ideal for exploring complex issues 
with numerous variables and information types (Yin 1984). Action research describes a style 
of knowledge generation aimed at creating results that are useful to people in their daily lives 
(Dick 2009). It comes to fruition in practice through collaboration with practitioners (Huang 
2010), and researchers must develop strong relationships with those interested in and capable 
of affecting change (McNiff and Whitehead 2006). As the researchers were invited to 
participate in an existing process as adaptation experts, the research fits the ‘clinical inquiry’ 
approach to action research described by Schein (2006).
Philosophically, the research aligns with the ‘Social learning’ tradition of planning described 
by Friedmann (1987). There was an emphasis on learning amongst all participants, a focus 
on a topic not yet well defined and understood, and extensive public engagement. Social 
research has roots in pragmatism, which has been described by Dewey (1963) as the ‘theory
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of getting things done’. The experiential nature of the research and the goal of incorporating 
new information into an organizational process also reflect the ‘Organizational development’ 
approach to planning, as outlined by Friedmann and Hudson (1974).
In 2010 the City of Prince George retained assistance to create an ICSP and update its OCP. 
At this time the PGAS had recently been approved by Mayor and Council along with an 
agreement to support further research. Researchers were invited to participate in the planning 
processes as adaptation experts. The City and the facilitation consultants took a unique 
approach by creating both documents with the same process. (The process and the ICSP plan 
were named “myPG”.) The process was organized into five discrete phases: each of these 
phases, along with a brief overview of the nature of researcher participation, is summarized 
below and outlined in Table 4-2. The process outcomes and content in the final plans (as 
they relate to adaptation) are the units of analyses for this research.
Phase I -  Envisioning the future: consisted of collecting input from the local residents to 
set goals for Prince George. Public involvement was sought through an event launch, focus 
groups and surveys. Over 2000 citizens participated in the public events, and 19 priorities (or 
goals) were identified from the feedback. This stage was conducted with no adaptation 
researcher involvement.
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Table 4-2 Overview of the City of Prince George myPG process, and researcher participation.
Phase Relevant
document
Description of City process Nature of 
researcher 
involvement
I.
Envisioning 
the future
ICSP Collecting input from local residents to 
set goals for Prince George. Public 
feedback was sought through an event 
launch, focus groups and surveys.
No actions taken
II.
Under­
standing the 
options
ICSP Developing strategies to realize the goals 
outlined in Phase I. This was 
accomplished through a series of focused 
workshops with City staff and local 
experts. The eight workshops were:
1. Scenarios
2. Social development strategies
3. Economic development strategies
4. Environment and land use 
strategies
5. Transportation strategies
6. Food security
7. Youth
8. Technical review
Participated in all 
workshops (except 
the Youth workshop)
III.
Choosing 
the future
ICSP Drafting the ICSP from the information 
compiled in Phase II, and inviting expert 
and public feedback before finalization.
Reviewed draft ICSP 
and provided 
comment
IV.
Designing
the
outcome
OCP Creating an implementation strategy for 
the ICSP and updating the OCP. Local 
staff drafted the OCP for public review 
and approval from City Mayor and 
Council.
Drafted adaptation 
policy template for 
OCP and reviewed 
draft OCP
V.
Making it 
happen
OCP Ongoing implementation through the 
OCP.
Continued 
collaboration with 
City
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Phase II -  Understanding the options: consisted of a series of eight focused workshops 
with City staff and local experts to develop strategies to realize the goals outlined in Phase I.
The first “Scenarios” workshop took two full days of brainstorming, discussion and 
prioritization, and involved over 80 participants to envision and describe four alternative sets 
of futures for Prince George. The scenarios were based on two major external sources of 
uncertainty, and were created to test all strategies created in subsequent workshops by 
evaluating how they perform within the different future descriptions.
Following the “Scenarios” workshop there were four one-day “Strategy” workshops 
designed to develop plans to guide Prince George towards achieving its goals. The general 
process of each was to: (1) summarize relevant local goals; (2) identify barriers to achieving 
the goals; and (3) develop strategies to overcome the barriers. Approximately 40 City staff 
and local leaders (with expertise in the area of focus) attended each workshop. There were 
also specialized “Food security” and “Youth” workshops. A final “Technical review” 
workshop was designed to assess outcomes from all previous workshops, prioritize actions, 
envision implementation and determine indicators to measure performance.
In this phase of the process (Phase II) the lead researcher attended and fully participated in 
all workshops (except the youth event) to present technical and local knowledge of climate 
change adaptation.
Phase III — Choosing the future: involved the drafting, review and finalization of the ICSP 
plan. Researchers participated by reviewing the plan and providing feedback before the ICSP 
was finalized.
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Phase IV -  Designing the outcome: focused on updating the OCP based on the goals and 
strategies generated in Phases I and II. To organize the information for the OCP, the long 
term planning department prepared structured policy templates on different topics. These 
templates described how and why local priorities should be included in the document. 
Researchers drafted a template for climate change adaptation, and reviewed the draft plan.
Phase V -  Making it happen: focuses on ongoing implementation through the OCP. 
Researchers continue to collaborate with the City on adaptation.
4.4. Results
In this section the outcomes of each phase of the process as they relate to adaptation are 
outlined, and the incorporation of adaptation into the plans is summarized.
Phase I. Envisioning the future
“Reduce carbon emissions and adapt to climate change” was one of 19 priorities identified 
by the public, but it was not highlighted as one of the top 10. Several other priorities 
identified relate to climate change adaptation, including “Green City, green practices” and 
“Clean water”.
Phase II. Understanding the options
Adaptation-related outcomes of the eight workshops are as follows:
The four visions of the future created in the “Scenarios” workshop were created by cross- 
referencing a high and low scenario for each source of uncertainty (Figure 4-2). The final 
two factors selected were:
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(1) Climate change: it is accepted that there will be impacts, but how severe they will be 
is unknown.
(2) Cooperation: the extent to which communities around the world will work and trade 
together is uncertain.
S cen a rio ,
“An easy ride”
(low impacts, 2j 
high cooperation) jij
i
o
o
S c e n a r i o  1 : 
“Weathering the 
storm”
(high impacts, 
high cooperation)
.................................................................................................. -  y
S c e n a r i o  3 :  
“Overwhelmed 
by global shifts”
(low impacts, 
low cooperation)
>
CLIMATE IMPACTS
S c e n a r i o  4 :  
“Rising costs, 
rising conflict”
(high impacts, 
low cooperation)
t
Figure 4-2 The four future scenarios determined through the myPG Scenarios workshop (adapted 
from: City o f Prince George 2010).
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Climate change and adaptation were discussed during each of the four “Strategies” 
workshops. The discussions ranged from outlining detailed approaches with broad 
participation from the plenary, to cursory mentions of adaptation initiated by the lead 
researcher during discussions. During the “Social development strategies” workshop, 
discussions included how climate change impacts (such as health) relate closely to social 
development, and the social implications of agricultural changes. During opening 
discussions the lead researcher introduced the concept that climate change is a significant 
social concern with direct relationships to health and safety. The plenary responded 
positively, but most participants had specific social concerns and programs to discuss that 
they considered more directly relevant to the local goals. There was minimal climate change 
and adaptation content, and one participant remarked that there were more immediate 
challenges facing the City’s underserviced residents that need to be addressed first.
During the “Economic development strategies” workshop the effects of climate change on 
forests, the forest industry and infrastructure were acknowledged, and strategies to increase 
resilience to future climate-related uncertainties were discussed. Ideas related to responding 
to the mountain pine beetle epidemic were discussed at length. However, the discussion did 
not often focus on climate change or adaptation and it was clearly not considered to be a 
major economic-related concern to most participants.
During the “Environment and land use strategies” and “Transportation strategies” workshops 
adaptation was discussed in detail because the workshops were based on relevant local goals 
(from Phase I), and many participants shared climate change and adaptation concerns. Ideas 
related to adaptation discussed during these two workshops included:
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• Protecting new developments from hazardous conditions, such as flooding.
• Enhancing forest management processes to reduce forest fire risk.
• Improving storm-water management by preserving natural catchment areas.
• Protecting undeveloped spaces and developing an integrative plan to promote local 
agriculture.
• Enhancing educational outreach programs to promote water conservation and climate 
change awareness.
• Designing infrastructure that is adaptable to climate change.
In the “Food security” workshop, both positive and negative impacts related to climate 
change and agriculture were discussed at length. Major outcomes of the “Technical review” 
workshop were that the City needs to take action on long-term issues such as climate change 
(and not only focus on immediate issues), and prioritize youth education and mobilization on 
climate change issues.
Phase III. Choosing the future
Following the workshops, the City and facilitators drafted the ICSP and disseminated it to 
select participants in the process for review. The lead researcher reviewed the plan and 
proposed a number of suggestions to: explicitly note adaptation considerations where they 
were only inferred; refer to ongoing or recommended adaptation strategies and the PGAS; 
and summarize the future scenarios (which closely relate to adaptation) in detail.
The City was receptive to the feedback and made many changes. Much of the adaptation 
content was consolidated into a section which was renamed, “Reduce carbon emissions and 
adapt to climate change”. Multiple references to the existing PGAS were added, as well as a
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detailed overview of the future scenarios. Climate change adaptation is included throughout 
the document, ongoing initiatives are featured in several sections and there are references to 
all 11 priorities identified in the PGAS. Public reception to the document was positive, and 
the final ICSP was unanimously approved by Mayor and Council in June 2010. Key 
adaptation-related inclusions in the ICSP are overviewed in Table 4-3.
Phase IV. Designing the outcome
The lead researcher was asked to complete a structured template on adaptation to inform the 
OCP update. An overview of the template, organized by section, is as follows:
Justification
The importance for local governments to consider adaptation to avoid costly consequences 
(such as infrastructure damage and safety risks) was stressed to justify why adaptation 
considerations should be incorporated into the OCP. Many ties between adaptation and OCP 
priorities were highlighted including fire risk management, hazardous conditions, the built 
environment, transportation infrastructure and agriculture. The existing local climate 
analysis, the PGAS and the completed ICSP were identified as information tools.
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Table 4-3 Overview of key climate change adaptation content in the Prince George ICSP4.
ICSP section Description of climate change adaptation content Relevant local 
priority(ies)*
Introduction, 
p. 5
Climate change noted as a global issue All (general)
Introduction, 
p. 5
Four future scenarios (all directly related to climate 
impacts) summarized
All (general)
Goals
summary, p. 8
Community goal: Reduce emissions and adapt to 
climate change
All (general)
Social goals,
p. 20
Actions: consider moving development from areas 
vulnerable to floods or other risks; continue efforts to 
mitigate wildfire and flood hazards; plan for mitigation 
of and response to disaster and extreme weather risks
Forests, 
Flooding, 
Severe weather
Social goals, 
p. 27
Adaptation initiative referenced as existing social 
strategy which examines how climate change affects 
health and movement of people
Health, New 
residents and 
businesses
Environment­
al goals, p. 32
Actions: continue to protect water supplies; improve 
management of storm runoff; charge more for water
Water supply, 
Storm-water
Environment­
al goals, p. 34
Action: protect valuable agricultural, environmentally 
sensitive, and hazardous lands from development
Agriculture,
Severe
weather, Slope 
stability
Environment­
al goals, p. 38
Actions: continue to invest in mitigation and adaptation; 
develop clear communication about climate impacts and 
engage community; continue to minimize flooding, 
forest fires and other climate related impacts
All (general),
Flooding,
Forests
Environment­
al goals, p. 43
PGAS identified to consider climate change in 
infrastructure management and planning
Transportation, 
Buildings and 
utilities
Keys to 
success, p. 74
Actions: add climate change sections to local websites; 
develop “climate change theatre program” for schools 
and/or support existing programs
All (general)
Lead the way, 
p. 84
Action: design infrastructure to be resilient to climate 
change
Transportation, 
Buildings and 
utilities
* As identified in the Prince George Adaptation Strategy (PGAS) (Picketts et al. 2013).
4 The full ICSP is available at: http://mvpg.ca/about/Pages/WhatisanICSP.aspx
109
Table 4-3 Continued.
ICSP section Description of climate change adaptation content Relevant local 
priority(ies)*
Keys to 
success, p. 86
Actions: continue to invest in PGAS development and 
implementation; develop clear communication about 
local climate impacts; integrate adaptation and 
mitigation
All (general)
Collaborate, p. 
93
Action: address adaptation and mitigation concurrently 
for efficiency
All (general)
Sustainable 
strategies, p. 
100
Action: consider adaptation when selecting where to 
locate growth
All (general)
Sustainable 
strategies, p. 
108
Actions: explore ‘alternative’ infrastructure design 
standards and guidelines; analyze and proactively 
manage infrastructure vulnerabilities anticipated with 
climate change; continue to protect water supplies; 
improve management of storm runoff; anticipate future 
precipitation alterations from climate change
Buildings and 
utilities, 
Transportation, 
Storm-water, 
Water supply
Sustainable 
strategies, p. 
I l l
Action: when assessing projects or programs, consider 
how they help adapt to anticipated changes
All (general)
Appendix A, 
p. 132
Detailed summary of future scenarios for Prince George All (general)
* As identified in the Prince George Adaptation Strategy (PGAS) (Picketts et al. 2013).
Scope and jurisdiction
To show that adaptation was within the scope and jurisdiction of the OCP the BC Local 
Government Act (BCLGA) (2011), which overviews the requirements and processes of an 
OCP, was extensively referenced. In 2008, Section 877 of the BCLGA was amended to 
require OCPs to include GHG emissions reduction targets and actions. There was no 
corresponding amendment for adaptation targets, and Section 878 of the BCLGA states that
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only broad objectives should be included that are outside the jurisdiction of the OCP.
Despite an initial lack of clear direction regarding adaptation in the BCLGA perceived by 
researchers and planners, solid justification for incorporating adaptation in OCPs was found 
as highlighted by the following points:
• Section 877 of the BCLGA (2011) states that an OCP must include information 
regarding restrictions on the use of land that is environmentally sensitive or subject to 
hazardous conditions.
• Section 878 of the BCLGA (2011) states that an OCP may include policies regarding 
agriculture and the preservation and protection of the natural environment.
• Incorporating adaptation into an OCP affects land use designations, hazardous 
conditions restrictions, and the design and location of infrastructure and utilities.
• There is a number of initiatives designed to enable adaptation, including a National 
funding program (NRCan 2011), resource guides (i.e., Fraser Basin Council 2011), 
local toolkits (i.e., BCCAT 2011) and a Provincial adaptation strategy (BCMOE 
2010).
• Other communities in BC had incorporated adaptation into their OCPs to date, 
including the Corporation of Delta (2009) and the District of Elkford (2010).
Objectives and Policies
Overarching objectives were required to provide goals and policies for the City to guide 
future actions. Six objectives were proposed relating to increasing resiliency, incorporating 
adaptation into decisions and considering specific climate impacts. Eighteen policies were 
recommended relating to general and specific adaptation measures. Researchers and staff
111
understood that, because the BCLGA (2011) does not include adaptation requirements, the 
policies had to be phrased using language that is not binding.
Implementation
Specific descriptions on how the implementation of adaptation measures should proceed 
through the OCP were required. Researchers suggested that neighbourhood plans include a 
review of potential impacts of climate change, as well as measures to identify and alleviate 
hazardous conditions, minimize risks and protect lands suitable to different uses (Riley 
2000). Impact assessments were recommended for City land disposition and acquisition, 
along with a recommendation to amend the zoning bylaw to consider future changes.
Finally, general measures and targets were proposed to evaluate performance on addressing 
specific impacts, and ongoing partnerships encouraged for continuing adaptation research 
and implementation. No suggestions on implementing adaptation measures through 
development approvals or permits were provided, however these should be considered in the 
future.
The lead researcher reviewed the draft OCP and provided minor suggestions. The Prince 
George OCP was approved by Mayor and Council in June 20122. Key adaptation inclusions 
are overviewed in Table 4-4.
4.5. Discussion
Local plans should house strategies to adapt to the impacts of climate change, as 
mainstreaming adaptation into broad strategy and policy documents is an effective method to 
encourage holistic solutions and improve chances of implementation (Smit and Wandel
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2006; Klein et al. 2007). The Prince George case study was unique in that the ICSP and OCP 
were created concurrently; however, the general process was typical in that significant public 
feedback was solicited for guidance and review, and local expertise and external assistance 
was used to create strategies and policies (Hodge 2003; BCMOCS 2007).
A local plan should reflect the priorities of its residents (Hodge 2003; Grant 2008). The goals 
identified in Phase I of the ICSP process show adaptation is a local concern, but not a top 
concern. It is understandable that climate action was not a top priority, as it is not a concept 
that most people overtly associate as a local objective or priority area for improvement 
(Measham et al. 2011). If the community expressed that climate change and/or adaptation 
was one of its top priorities then it would have been appropriate to feature adaptation more 
predominantly in the plans. Conversely, if the community had not identified climate action 
as a priority, it would have been more difficult to justify including adaptation measures. It is 
valuable to understand what the local and regional climate impacts are, and how these relate 
to different aspects of local planning and management. Because of the existing PGAS, 
researchers could draw links between climate change and community priorities that may be 
affected by climate change such as forests, flooding, transportation infrastructure and 
agriculture. Drawing these linkages greatly increased the justification for and scope of 
adaptation actions.
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Table 4-4 Overview of key climate change adaptation content in the Prince George OCP5.
OCP section Description of climate change adaptation content in
OCP
Relevant local 
priority(ies)*
Context for 
planning, p. 
15
Preparing for and responding to climate change 
identified as a major initiative and a key issue
All (general)
Environment, 
p. 34
Explanation of relationships between climate change, 
water supply and extreme precipitation
Water supply, 
Severe weather
Environment, 
p. 37
Policies: 6.2.7 -  encourage use of pervious paving 
materials; 6.2.11 -  design storm-water for future 
changes; 6.2.12 -  design storm-water for maximum 
onsite water retention to minimize flooding; 6.2.13 -  
protect and conserve water supply
Transportation, 
Storm-water, 
Flooding, Water 
supply,
Environment, 
p. 42
Explanation of climate change adaptation and how it 
affects Prince George
All (general)
Environment, 
p. 43
Objective 6.3.1 -  promote adaptation to minimize 
impacts on human safety, health, and well being
Health, All
Environment, 
p. 43
Objective 6.3.2 -  consider adaptation in all aspects of 
future decision making related to priorities in PGAS
All (general)
Environment, 
p. 48
Policies: 6.4.10 -  consider climate change in forest 
and natural areas planning; 6.4.15 -  monitor and 
respond to ecosystem and forest trends influenced by 
climate change
Forests
Environment, 
p. 54
Policy 6.4.46 -  any hazard assessment for land 
designated as a hazardous condition area should 
include the consideration of climate change and its 
impacts before approval is granted
Severe weather, 
Slope stability
Environment, 
p. 57
Policy 6.4.59 -  to adapt to climate change, projected 
temperature and precipitation changes should be 
considered when designating landslide hazards
Slope stability
Built
environment, 
p. 93
Objective 8.1.14 -  to adapt to climate change, support 
rural uses of rural areas and encourage infill and 
compact development to minimize new infrastructure 
construction
Agriculture, 
Buildings and 
utilities, 
Transportation
* As identified in the Prince George Adaptation Strategy (PGAS) (Picketts et al. 2013).
5 The full OCP is available at:
http://www.Drincegeorge.ca/citvbusiness/longrangeplanning/officialcommunitVDlan/Documents 
/OCP Bvlaw 8383 MASTER Text Schedule A.PPF
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Table 4-4 Continued.
OCP section Description of climate change adaptation content in
OCP
Relevant local 
priority(ies)*
Built
environment, 
p. 155
Policy 8.7.51 -  City should continue to investigate the 
impacts of climate change on road operations and 
traffic safety
Transportation
Built
environment,
p. 160
Policy 8.8.4 -  to adapt to climate change, future 
development of infrastructure should be designed to: 
account for projected changes; withstand freeze-thaw 
cycles; and be more resilient to unexpected changes
Transportation, 
Buildings and 
utilities, storm- 
water
Built
environment, 
p. 187
Policy 11.4.27 -  land acquisitions may be required to 
enable adaptation to climate change for the following 
reasons: for enhanced storm water systems; for 
potentially enhanced agricultural opportunities; and to 
account for increased natural hazards (e.g. slope 
failures, floods, fires)
Storm-water,
Forests,
Agriculture, Slope 
stability, Severe 
weather, Flooding
Integration, 
p. 207
Policy 13.4.4 -  to adapt to climate change, the City 
should begin to amend the zoning bylaw to consider 
future impacts
All (general)
Integration, 
p. 209
Policy 13.4.20 -  to adapt to climate change, projected 
precipitation and temperature changes should be 
considered when creating agricultural plans and 
agricultural land allocations. City should undertake 
further study to consider potential for increased 
agricultural capacity
Agriculture
* As identified in the Prince George Adaptation Strategy (PGAS) (Picketts et al. 2013).
The identification of climate impacts as one of two principal sources of uncertainty in the 
future scenarios (Figure 4-2) was particularly interesting. The lead researcher advocated the 
importance of climate impacts along with many other workshop participants. Because 
“climate impacts” was selected for the scenarios it became a theme throughout the 
subsequent workshops. This was good for showcasing adaptation; however there are
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potential negative consequences with identifying climate impacts as an external uncertainty. 
The uncertainty can be easily misinterpreted as situations where climate change does or does 
not occur, and misconstrued as an inference that the reality of climate change itself (i.e., 
anthropogenic global warming) is uncertain. The researcher and other participants raised 
these concerns to ensure that the focus remained explicitly on impacts throughout the 
process and in the plans.
Discussion during the “Strategy” workshops ranged from brief adaptation references to 
detailed discussions involving the entire plenary. There was far greater climate change and 
adaptation discussion during the “Environment and land use strategies” and “Transportation 
strategies” than the “Economic development strategies” and “Social development strategies” 
workshops. These outcomes illustrate that many Prince George practitioners and residents 
share and reflect the misconception that climate change is primarily an environmental 
challenge, and that the impacts and solutions are environmental in nature (Burton 2011; 
Measham et al. 2011). Researchers and practitioners must work toward communicating and 
addressing the significant social and economic implications of climate change, and the 
importance of these considerations in determining responses (Ayers and Forsyth 2009; 
Burton 2011; Hjerpe and Glass 2012). The “Food security” workshop was the only event 
where interrelated social, economic, and environmental impacts and adaptation measures 
were discussed. Agricultural impacts are particularly interesting in areas such as northern 
BC, where there are some potential short-term benefits associated with longer growing 
seasons (Walker and Sydneysmith 2008).
The final ICSP includes a section dedicated to climate change, significant adaptation content 
and references to all 11 impacts in the PGAS (Table 4-3). As an ICSP is a document of vast
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scope and breadth, the facilitators and researchers had to respect that the plan must reflect 
the broad range of initiatives, strategies, bylaws, reports and management programs ongoing 
within the City. (There is an especially large number of initiatives in Prince George, as the 
City is considered BC’s northern capital and often selected as a case study for projects.) If 
the lead researcher had not been asked to review the plan there would have been significantly 
less adaptation content included in the ICSP, which illustrates how -  even with a researcher 
actively involved in the process -  adaptation is often not viewed as a primary objective and 
can be easily overlooked (Measham et al. 2011).
A major potential weakness of ICSPs is that they consist of general statements of objectives, 
and not definitive policy directions and statements. Therefore the incorporation of adaptation 
into the subsequent OCP was considered imperative. The content in the final OCP (Table 
4-4) illustrates how adaptation can be mainstreamed into local government policy. The City 
of Prince George did not feel that the scope and jurisdiction of the OCP (as dictated in the 
BCLGA) allowed for specific adaptation targets. Therefore, although there was extensive 
local research to draw upon and provincial documents supporting adaptation, researchers and 
practitioners decided that policies must refer to actions that “should be considered” and 
“should be supported”. This permissive language provides more leeway than mandatory 
directions as the OCP is implemented.
There are no current adaptation requirements in the BCLGA, and senior provincial 
government officials do not anticipate that “adaptation” will be added as required content in 
OCPs at this time. Officials stress that the current BCLGA provides ample jurisdiction to set 
and enforce strong adaptation measures through the consideration of hazardous conditions, 
environmentally sensitive areas and other mechanisms (C. LeBlanc pers. comm. 2012).
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Although a lack of policy direction may have been primarily a perceived barrier to 
incorporating adaptation in the Prince George OCP, this does highlight that there are still 
significant challenges translating adaptation strategies into policy. These challenges can be 
addressed with external resources and support, and should diminish as more communities 
pursue adaptation planning. A recent report by Carlson (2012) outlines how local 
governments can implement adaptation actions in BC (and refers to the Prince George case 
study). This resource will be particularly helpful to communities as they navigate policy and 
look for examples to build upon. Resources such as this should be made available to assist 
local governments with proactive adaptation.
One noteworthy outcome from the OCP is that many inclusions related to adaptation were 
not initiated by the researchers. City staff (including planners, engineers and managers) 
across various sectors independently proposed several policies and objectives explicitly 
aimed at adapting to climate impacts. Staff members were likely influenced by previous 
adaptation efforts in Prince George. (For example, many staff members participated in 
creating the PGAS.) Adaptation measures are included in a climate change section, and also 
incorporated into land use, social, and economic sections of the OCP. These results provide 
evidence that adaptation has been effectively communicated to municipal staff and that it is 
beginning to be normalized into Prince George’s broader organizational decision-making 
and planning processes. Therefore Prince George may be approaching a level of saturation 
where adaptation will continue independent of external influences and research. This shows 
how social capital can drive adaptation (McLeman et al. 2011), and significant progress 
from the findings of Storbjork (2010) who observed that there was poor communication 
regarding adaptation within organizations, and that adaptation initiatives were primarily the
work of individuals rather than groups. This also shows progress from Burch’s (2009) 
findings that communities were unable to translate capacity into action due to poor 
organizational cooperation and communication. Similar to the ICSP, the OCP includes 
extensive input from the public. Therefore it reflects the values of the community and gives 
the City a strong mandate to continue pursuing adaptation.
Some researchers and experts maintain that adaptation measures can be employed without 
introducing the (sometimes) contentious issue of climate change. Strategies can be proposed 
while focusing on “resilience”, “sustainability” or “smart planning”. Climate change is also 
rarely the sole motivator for adaptation (Berrang-Ford et al. 2011), and residents of smaller 
and remote communities often do not distinguish climate change impacts from the broad 
suite of environmental challenges to which they already adjust (McLeman et al. 2012, 
p.481). However, this is not responsible due to the pressing societal need to acknowledge 
climate change and pursue both mitigation and adaptation (Howard 2009). Adaptation 
planning that avoids the issue of climate change may provide short term benefits for 
communities, but it is important to use adaptation as a mechanism to explore climate change 
in a proactive and pragmatic manner. Discussing climate change adaptation encourages local 
awareness and can precipitate mitigation action. Statements recommending concurrent 
adaptation and mitigation in the Prince George plans illustrate leadership in encouraging 
complementary and integrated responses to climate change.
The existing local adaptation information (particularly the PGAS) was very helpful in 
supporting an adaptation expert’s participation in the ICSP process, and for including 
measures in both plans. Measham et al. (2011) and Baker et al. (2012) note a lack of relevant 
and credible information as a key barrier to incorporating adaptation measures into local
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plans. Without previous research to draw upon, broad policies and objectives could still have 
been incorporated into plans. Alternatively, the process to create the plans could be used as a 
platform to raise awareness and develop strategies related to adaptation. However, this 
would significantly lengthen the planning process.
Prince George provides a positive example of how to incorporate adaptation into planning 
processes and organizational approaches. Extensive adaptation measures are outlined to 
proactively address climate impacts (other than sea-level rise) in this northern, resource- 
based City. These actions should continue to precipitate concrete policies and procedures 
that will prepare Prince George for a changing and uncertain future. Although the material in 
the plans is extremely important, the process of creating the plans -  and the important 
discussions that occur throughout the process -  may be equally valuable for raising 
awareness and encouraging action (Picketts et al. 2013). The level of engagement and 
leadership shown by City staff is promising for ongoing action. Future assessments will gage 
the extent to which adaptation measures are implemented in Prince George and provide 
insight regarding the most effective types of local objectives and policies. Ultimately, the 
effectiveness of these actions will be determined as plan objectives are measured against 
observed outcomes (Gardner et al. 2009). More research also needs to focus on creating 
effective and systematic approaches to evaluate local adaptation plans (Preston et al. 2011).
Researchers and practitioners can learn from the Prince George case study to gain insights 
into both barriers and aids to incorporating adaptation into plans, but there are limitations. 
There is a unique mixture of challenges and opportunities facing every municipality taking 
action on climate change (Burch 2009, p. 7576). Case studies and action research are both 
strongly contextualized in local and place specific circumstances, so the outcomes can be
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difficult to generalize broadly (Yin 1984; Huang 2010). Because researchers participated in, 
rather than created, the planning process they had substantially less control over it. The 
methods were at times untidy and open ended (McNiff and Whitehead 2006), and 
adjustments had to be made for unexpected changes (such as not being permitted to attend 
the youth workshop). Researchers participated in the process to create an ICSP and OCP in 
Prince George. They assisted the City in integrating adaptation into plans to the greatest 
extent appropriate, but respected their role as an invited participant in the City’s process.
4.6. Conclusions
Incorporating adaptation into local plans is an effective way to mainstream climate change 
adaptation into social, environmental and economic frameworks and policies for a city or 
town. There were many factors leading to the successful incorporation of adaptation into the 
Prince George ICSP and OCP. Principal enabling factors included:
• Existing research providing a broad scope and justification for action.
• A high level of local climate change awareness due to climate-related impacts the 
City is already experiencing (such as forest impacts and flooding), and previous 
adaptation study.
• Available funding to enable researcher participation in the process.
• The use of a flexible process that allowed for researcher participation.
Some factors may have enabled further incorporation of adaptation into local plans. If the 
public had identified adaptation as a higher priority, or one closely associated with economic 
and social development, more focus could have been directed toward the topic. A city or
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town facing pressing climate-related vulnerabilities (such as severe water shortages or sea- 
level rise), or which has few ongoing initiatives to focus on, may dedicate more attention to 
adaptation in plans. If Prince George had completed a more comprehensive adaptation 
assessment (including an implementation plan and cost analysis) more concrete initiatives 
may have been proposed in the plans. At present, most communities seeking to address 
adaptation must work within the realities that adaptation is: one of many important local 
issues; not typically perceived as a major local priority; primarily viewed as an 
environmental issue; and rarely the sole motivator for actions. Policies need to be better 
communicated, and ultimately changed, to encourage local-scale adaptation. Researchers and 
experts must also work pragmatically to assist planners to communicate and champion the 
importance of adaptation.
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Chapter 5: Priorities, plans, policies and politics: reflections on five 
years of climate change adaptation in Prince George, Canada
This manuscript has not yet been submitted for publication.
Introduction to Chapter
Chapter 5 reflects on five years of adaptation research in Prince George. The initiatives 
undertaken during the second phase of research are overviewed and evaluated, and the most 
and least successful initiatives are identified and discussed. Local experts comment on the 
future of climate change adaptation in Prince George. The primary actions undertaken are in 
Chapter 5 are outlined in Figure 5-1.
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Figure 5-1 Overview of main research activities and outcomes of Chapter 5.
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5.1. Abstract
The City of Prince George, Canada, has partnered with academics and collaborators for over 
five years to address climate change adaptation at the local level. During the implementation 
phase of the project, eight local initiatives were completed focusing on incorporating 
adaptation into plans and exploring impacts including forests, flooding and transportation 
infrastructure. This article summarizes the eight adaptation initiatives undertaken in Prince 
George, and evaluates their effectiveness through reflections from semi-structured interviews 
with local planners, engineers, managers, community champions and politicians. The 
initiatives deemed to be most successful -  and most likely to be implemented -  focus on 
topics that: are of high public concern; have clear cost implications; incorporate adaptation 
into policy; and/or incorporate adaptation into an ongoing project. Outcomes highlight 
challenges local practitioners and leaders face as they strive to do ‘more with less’ and work 
within the reality that adaptation is not generally a high public priority. Respondents concede 
that proactive adaptation efforts may not continue in Prince George due to staffing changes 
and a current local political climate focused on reduced spending. Internal capacity and 
external support are vital for adaptation success at the local level.
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5.2. In troduction
Over the last decade experts have begun to broadly accept that we must now plan to adapt to 
the impacts of climate change, which will occur whether or not mitigation efforts are 
pursued (Klein et al. 2007; Pielke et al. 2007; Adger et al. 2009). This realization has led to 
a large increase in academic research and professional actions related to adaptation (e.g., 
Ford and Berrang-Ford 2011; Measham et al. 2011; UNFCCC 2012). Local governments 
have been commonly identified as the most effective and appropriate organizations to 
address adaptation (Fiissel and Klein 2006; Fiissel 2007; Measham et al. 2011), and there is 
a plethora of new guides and frameworks outlining how cities and towns should proceed 
with adaptation6. Most cities in developed nations (such as Canada) are perceived to have a 
high ‘adaptive capacity' (Burch 2010), or ability to effectively prepare for and respond to the 
effects of climate change (Smit and Pilifosova 2001).
A high adaptive capacity does not correlate to reduced vulnerability to the impacts of climate 
change (Fiissel and Klein 2006; Adger et al. 2007; Engle 2011; Baker et al. 2012), and 
Burch (2010) has found that the considerable adaptive capacity exhibited in most Canadian 
communities has not translated into meaningful adaptation actions. Despite the recent surge 
of interest, the status of knowledge and action related to adaptation remains low, and is 
widely regarded to be considerably behind that of climate change mitigation. Communities 
are still learning how to effectively adapt, and there are few examples of research that 
educate decision-makers, encourage cross-sectoral integration and analyze costs (Ford and 
Berrang-Ford 2011; Baker et al. 2012; Bierbaum et al. 2013). Few cities have examined a
6 Examples include: Bruce et al. (2006); King County (2007); Parks (2007); Snover et al. (2007); 
Bizikova et al. (2008); City of Chicago (2008); and ICLEI (2010).
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range of potential impacts and outlined options to adjust to them (Hunt and Watkiss 2011), 
and only a small percentage of the adaptation literature focuses on intentional actions 
(Berrang-Ford et al. 2011). In addition, communities face a myriad of challenges and are 
increasingly facing budget cuts and resourcing challenges, while concurrently adjusting to 
growing mandates as higher orders of government shift more and more responsibility to 
them (Burch 2009; Measham et al. 2011; Baker et al. 2012). Local governments are faced 
with a multitude of urgent issues, and are forced to do ‘more with less’. As a result, 
adaptation does not often surface as a pressing priority.
Academics and practitioners in Prince George, British Columbia (BC), Canada, partnered in 
2007 to explore proactive local climate change adaptation. The partnership began at a time 
when a large amount of attention was being dedicated toward adaptation research and action. 
Many opportunities arose and collaborations continued for over five years with significant 
support in many forms (including from local, provincial and federal levels of government). 
The purpose of this article is to reflect on five years of adaptation planning and action in the 
case study community of Prince George (2007 -  2012), specifically focusing on Phase II of 
the project, which occurred from 2010-2012.
The Introduction Section of the article provides information about Prince George to put the 
case study into context. In the Results Section, the adaptation initiatives undertaken in the 
City are summarized. The outcomes of 17 semi-structured interviews with local stakeholders 
are then analyzed to evaluate what activities undertaken were most and least effective in 
Prince George, what the current status of adaptation is and how local adaptation efforts may 
continue. Finally, the Discussion and Conclusions Sections summarize lessons from the
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Prince George case study from which communities and organizations can learn as they 
pursue adaptation.
Prince George: community, context
Community
Prince George is a City situated at the confluence of the Nechako and Fraser Rivers near the 
geographic centre of BC, within the traditional territory of the Lheidli T’enneh First Nations. 
With a population of 76,000, it is the largest centre in northern BC and acts as a major 
regional hub for transportation, health and government services (City of Prince George 
2012a). Prince George is primarily a forest industry town. Although forestry is the backbone 
of the local economy, there are efforts underway to transition Prince George toward a more 
diversified and knowledge-based economy (City of Prince George 2010; IPG n.d.). Local 
residents enjoy affordable living costs and a plethora of recreation opportunities due to the 
abundance of natural areas within and surrounding the City. Natural forested lands and parks 
make up more than 65% of the area within City limits, and Prince George is surrounded by 
vast undeveloped areas of forest (Figure 5-2) (City of Prince George 2012a). During a recent 
long term community visioning process, a sense of identity with strong connections to 
forests and rivers was identified as the top local priority by City residents (City of Prince 
George 2010). Natural areas, rivers and forests are focal elements to Prince George's 
economic, environmental, social and cultural well-being.
The City of Prince George encompasses a land area of 316 km2 (BC Stats 2010). The 
population density, therefore, is 240 persons per km2. (For comparison, Manhattan has a 
population density of 27,000 persons per km2 and the Nation of Switzerland has a population
Figure 5-2 Aerial photograph o f Prince George in the fall with City centre in foreground, confluence 
of the Nechako and Fraser Rivers in mid-ground, pulp mills in background, and large areas of 
untracked forest behind (Photo: courtesy o f the City of Prince George).
density of 194 persons per km2.) There is a large amount of infrastructure within municipal 
boundaries, including 670 km of roadways and 184 km of sidewalks (City of Prince George
2011). In addition to the substantial asset value of these roads, there are considerable 
associated maintenance costs. In 2011 the City of Prince George spent nearly $7 million on 
winter road maintenance (City of Prince George 2012b). In Canada, provincial and local
governments spend approximately $1.3 billion annually on snow and ice control of roads 
(performing activities such as salting, sanding and snowplowing) (NRCan 2007).
Climate chanse in Prince Georse
Historical analyses show that central and northern BC has warmed at nearly twice the global 
average rate since 1900 (Rodenhuis et al. 2009), and that temperatures have risen rapidly in 
Prince George over the last 40 years (Picketts et al. 2012b). These changes in temperature, 
along with (less spatially and temporally consistent) changes in precipitation, have led to a 
range of impacts. Central BC has been the epicentre of a mountain pine beetle epidemic, 
which peaked in 2005 and has killed over half of the merchantable pine volume in BC 
(Walton 2012). The pine beetle population was historically controlled by consistent cold 
winter temperatures, and climate change has contributed substantially to the severity of the 
current outbreak (Kurz et al. 2008). Warmer winter temperatures and changing precipitation 
patterns have also been linked to road safety and maintenance challenges in Prince George 
(Dyer 2006), and the state of roads has become a major local concern (CBC 2012a). The 
City also experienced three flooding events between 2007 and 2008, including one event that 
led to the declaration of a state of emergency for over two months (D. Dyer pers. comm.
2012). Although it may be inappropriate to attribute individual flooding events to climate 
change, climate change appears to be affecting stream-flow regimes in major rivers of BC 
(Dery et al. 2012) and compiled studies show a recent increase in both the magnitude and 
frequency of floods globally (Milly et al. 2002; Kundzewicz et al. 2007). These events and 
changes have contributed to a high awareness of climate change amongst many local 
practitioners and residents, motivated City staff to partner with researchers to explore local
130
adaptation in 2007, and contributed to subsequent support and continued funding for the 
adaptation initiative.
Local changes and events
In late 2011 a municipal election was held in Prince George that resulted in a new Mayor 
and three (of eight) new City Councillors. The Mayor was elected on a platform of fiscal 
conservancy: pledging to reduce City spending by 10% and impose an immediate hiring 
freeze on City staff (CBC 2011). In early 2012 the Mayor and three Councillors formed a 
committee to oversee a core services review to consider opportunities for local changes in 
revenues and spending, and to determine how more resources can be invested toward 
repairing and replacing infrastructure (KPMG 2012). Shortly after the core services review 
was announced, 28 staff positions were eliminated from the City (CBC 2012b). Among these 
cuts were both positions in the Environmental Services Division, and positions in Long 
Range Planning, Communications, Development and Transportation Planning.
In January 2012, Prince George Mayor and Council began acting on the recommendations of 
the local Flood Risk Management Strategy (NHC 2009) (which includes climate change 
considerations and is discussed in Section 5.4), and approved a proposal to accept a grant to 
construct a dike along the south bank of the Nechako River. It was estimated that the cost of 
the project would total $11.5M CAD, and that $3.6M of the total costs would need to be 
raised by the City through a loan (Dyer 2012). Local citizens protested the project, asserting 
that the dike project would lead to an unacceptable increase in municipal taxes and claiming 
that previous flood mitigation measures were sufficient to minimize local flooding and 
precluded the need for the dike. A petition of over 9,000 signatories pledging opposition to
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the loan was submitted to City Hall, which was sufficient to show that electoral approval was 
not obtained (as it represented more than 10% of the population). Mayor and Council 
ultimately did not approve the loan authorization (Babicz 2012), and the project has not gone 
forward. The rationale for the opposition to the dike in Prince George was unrelated to 
climate change. However, it does reflect strong sentiments (by a vocal proportion of the local 
population) that the City should be reducing costs and minimizing actions outside of core 
services.
5.3. Methods
The case study approach was utilized to examine and evaluate the complex process of 
climate change adaptation in a local context (Smith 1978; Hartley 2009). The information 
regarding adaptation actions in Prince George was primarily gained through personal 
experience from five years of community engaged research. Multiple documents were 
reviewed to summarize adaptation efforts and provide context, including internal reports 
(e.g., City Council reports and City documents), news articles, and strategies in which Prince 
George is featured as a case study. The information regarding local adaptation was reviewed 
and verified by experts, both engaged in and removed from the research, to ensure accuracy 
and comprehensiveness.
To reflect on and evaluate the adaptation actions that have occurred in Prince George, semi­
structured interviews were conducted with key informants affiliated with, or exposed to, the 
project in various capacities. The interviews consisted of 10 open-ended questions asking 
each participant about their: backgrounds; understanding and interpretations of climate 
change adaptation; feedback about the successes and failures of initiatives in Prince George;
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and opinions about the future of adaptation in Prince George (Appendix A). Interviewees 
were guaranteed anonymity, but cautioned that some readers could discern who may have 
participated in the study because of the focused subject matter and relatively small size of 
the community. Notes were taken during the interviews, and all participants agreed to be 
recorded. The recordings were transcribed, coded and analyzed for emerging and 
overarching themes. The coding structure evolved as the data were collected and analyzed, 
and provides insights into both the major themes of responses and noteworthy exceptions. 
The interviews ranged in length from 50 to 110 minutes, with most being approximately 75 
minutes in duration.
A total of 17 individuals within the community, representing different professional 
perspectives on adaptation, were ultimately selected to be interviewed. All of those contacted 
agreed to be interviewed. For portions of the analysis, respondents are divided into five 
subgroups of three to four representatives each. The sub-groupings are: local politician, 
planner, engineer, manager (i.e., someone controlling and directing activities in a local 
organization) and local champion (i.e., someone who has emerged as an advocate for 
adaptation). Each subgroup contains at least one internal (i.e., employed by the City when 
the adaptation work was occurring) and external (i.e., not or no longer directly affiliated with 
the City) participant. Some participant sub-groups are discrete and easily defined (e.g., 
politicians), whereas others are more subjective (e.g., managers or champions). All of the 
groupings are inexact, as almost every respondent participated in multiple capacities 
throughout the process. (For example a planner may have also acted as a champion and as a 
manager at times.) Responses are also grouped into general internal or external categories at 
times for discussion and analysis. Because of the small sample sizes within sub-groups, and
the fact that many respondents did not clearly fit into only one category, the distinctions are 
used solely for discussion purposes.
5.4. Results 
Phase I of the Adaptation Project
People living and working in Prince George were becoming aware of, and responding to, 
changes occurring locally long before a formal partnership with academics began. Early 
activities and interest motivated the City to support a more formal exploration of adaptation, 
beginning in late 2007. In 2008 and 2009, several actions were undertaken in partnership 
between the City and researchers (referred to collectively as Phase I of the Adaptation 
Project). Research activities undertaken in Phase I included:
• In June 2008 a workshop entitled, “Planning for Climate Change" was held in Prince 
George as part of the Planning Institute of British Columbia’s annual conference. The 
event brought together many local and provincial experts to explore climate change 
adaptation, and precipitated further involvement from many partners (Picketts and 
Curry 2011).
• In November 2008 a stakeholder workshop was held in Prince George entitled
“Adapting to Climate Change in Prince George”. The workshop was designed to 
apply regional climate information (prepared in partnership with the Pacific Climate 
Impacts Consortium [PCIC]) to increase local capacity and to identify climate change 
adaptation priorities for Prince George (Picketts et al. 2012b).
• In August 2009 the report, “Climate Change Impacts in Prince George: A Summary
of Past Trends and Future Projections o f climate in North-Central British Columbia'''
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was completed in partnership with PCIC. The document outlines past trend and 
future projection information for Prince George (Picketts et al. 2009a).
• In November 2009, two years of adaptation research was compiled in a
comprehensive adaptation strategy for Prince George (Adaptation Strategy). The 
Adaptation Strategy outlines background information about climate change and the 
importance of adapting to climate change locally, and explains and prioritizes the top 
local impacts (Picketts et al. 2013).
In 2009, as the Adaptation Strategy was being finalized, federal government support for 
adaptation was announced. Prince George was selected as one of four local governments in 
BC to receive funding. When the Adaptation Strategy was presented to Prince George Mayor 
and Council in November 2009, a proposal was tabled to continue research with the federal 
support and to match it with City funds. The proposal was unanimously approved by Mayor 
and Council and a small organizing committee was immediately assembled to manage the 
funding, undertake research, coordinate activities and report on outcomes. The committee 
was comprised of an internal project lead, a coordinator (from a regional non-governmental 
organization) and me (the author).
Phase II of the Adaptation Project
The first task of the organizing committee was to propose potential adaptation initiatives. 
Future projects were explored and considered by: reviewing the priorities identified in the 
Adaptation Strategy and assessing the degree to which they were already being addressed 
(Picketts et al. 2013); and identifying internal and external partners with relevant expertise. 
The committee acknowledged its limited funds and capacity, and the reality that adaptation
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is rarely the sole motivator for actions (Adger et al. 2007; Berrang-Ford et al. 2011). 
Therefore a major objective was to ‘mainstream’ adaptation by adding content into existing 
processes and programs whenever possible (Smit and Wandel 2006). A number of potential 
projects were explored and eight major initiatives reporting on the Prince George case study 
were ultimately pursued. (These initiatives are collectively referred to as Phase II of the 
Adaptation Project.) Table 5-1 provides an overview of the rationale and scope of work for 
each of the eight initiatives which occurred in Phase II of the Adaptation Project, along with 
a synopsis of the major outcomes7.
7 Full reports on each of these outcomes were prepared and are available at: 
http://www.princegeorge.ca/environment/climatechange/adaptation/pages/default.aspx
Table 5-1 Overview of initiatives undertaken in Phase II of the Prince George adaptation project.
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In 2010 Prince George created an Integrated 
Community Sustainability Plan (ICSP), which is an 
umbrella document designed to create a long term 
vision for Canadian communities that balances 
environmental, social and economic values 
(BCMOCS, 2007). The plan was envisioned and 
created through an extensive community engagement 
and consultation process, and was used to inform the 
upcoming Official Community Plan (OCP) update. 
Given the long term and overarching scope of the 
plan, relationship with the OCP and extensive 
engagement opportunities associated with the 
initiative, the adaptation committee elected to 
participate in creating the Plan. Thus resources were 
dedicated toward my participation in the process as 
an adaptation expert. The ICSP process and 
adaptation-related outcomes are fully described in 
Picketts et al. (in press).
The final ICSP was adopted by 
Mayor and Council in June 2010, 
and contains extensive references to 
climate change and adaptation. 
Notable inclusions in the plan are: 
climate impacts are highlighted as 
one of two principal sources of 
future uncertainty; the Adaptation 
Strategy is referenced multiple 
times as an important local 
resource; actions to address all 11 
priorities outlined in the Adaptation 
Strategy are identified; and there is 
a section entitled, “Reduce Carbon 
Emissions and Adapt to Climate 
Change.”
Prince George elected to update its OCP using the 
same engagement and consultation process as the 
ICSP. OCPs are policy documents used by Canadian 
communities to inform how local land use and 
development should proceed (Hodge, 2003). Because 
the OCP has policy implications and relates to many 
adaptation priorities (such as flood risk and 
transportation), the adaptation committee elected to 
participate in creating the plan. Thus resources were 
dedicated toward my participation in the Prince 
George OCP initiative by drafting a policy brief on 
adaptation. The OCP process and the outcomes 
related to adaptation are fully described in Picketts et 
al. (in press).
The updated OCP was adopted by 
Mayor and Council in June 2012, 
and includes extensive adaptation 
content throughout (including in the 
social, environmental, and 
economic sections). Information 
about adaptation and an explanation 
of the importance of responding to 
climate change is included, and 
many objectives and policies 
explicitly relate to adaptation.
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Table 5-1 Continued.
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Transportation infrastructure was determined to be 
the highest priority for continued action for Prince 
George (Picketts et al. 2013). As such, the organizing 
committee approached local staff and external 
transportation experts who agreed to participate in a 
new project exploring transportation. Five senior City 
staff members formed a local steering committee to 
inform and guide the initiative. Researchers and 
experts compiled a list of 23 potential areas of focus, 
from which the steering committee selected two 
topics that they believed would be most useful for the 
City. These areas were investigated in detail during 
an intensive two-day workshop in Prince George. 
During the workshop representatives from local 
government, provincial ministries, educational 
institutions and private industry worked with external 
experts to envision how the areas of focus should be 
explored and addressed locally. Workshop time was 
also devoted to disseminating information to the 
public.
The two main topics of focus were 
determined to be:
1. Winter road maintenance and 
safety and climate change: A studv 
is ongoing to examine how weather 
affects local snow and ice control 
operations and collision rates, and 
how climate change affects road 
maintenance and road safety.
2. Road design and climate change: 
There was great interest in how to 
improve the design of roads in a 
changing climate and local pilot 
projects were considered to test 
technologies in a northern climate.
As ‘forests’ were the highest priority in the Positive local initiatives were
Adaptation Strategy, the adaptation team dedicated overviewed regarding:
S resources toward the topic. The City, along with • Wildfire management in and
£ Provincial and Federal partners, had already around the City; and
£ completed a considerable amount of research and • Creating resilient landscaped
*d
S3 action on the subject. Therefore the focus of this areas within the City.
OS initiative was primarily directed toward summarizing Opportunities for adaptation
B
O and over viewing completed actions, encouraging include improving communicationt t
3 ongoing partnerships and promoting adaptation as a and knowledge-sharing betweenag* consideration in local forest management. projects, and explicitly identifying
Information was collected by reviewing literature and adaptation as a motivator in
< meeting with members of the public and private ongoing actions.
sector.
A major Flood Risk Assessment project was An analysis of projected changes
o ia underway when the adaptation funding became revealed that spring flows willMW
"2 available. City staff worked with PCIC and the flood increase and ice jams may become1 consultants to incorporate future climate change more or less common.
e projections into the assessment. The adaptation Recommendations called for a
•aa committee also examined links between flooding and freeboard allowance of 1.0.m be«
#s other impacts such as storm-water management, used (rather than the conventional
1•JW transportation infrastructure, emergency response, 0.6m) to determine Floods buildings and utilities infrastructure and forests. Construction Levels to account for
1 Alternative strategies to address flooding, such as future climate change and the1 storm-water management and land use planning, mountain pine beetle (NHC 2009).were also briefly explored by reviewing literature.
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When Phase II of the project began, work was 
underway in Prince George to map different local 
ecological communities and to provide information 
regarding wildlife habitat and invasive plant species. 
Given the timing of the project and its close ties to 
climate change, adaptation funds were added to expand 
the project scope to perform an additional layer of 
modelling and analyses to determine how undeveloped 
and natural areas could be impacted by climate change. 
The initiative was managed and championed outside of 
the organizing committee. Further funding has since 
been secured to perform additional analysis and make 
the results available on local online mapping tools.
Soil moisture change was 
identified as the greatest climate- 
related risk to natural areas, and 
several sensitive areas were 
identified that are expected to 
become drier. Areas of particular 
concern include zones that are 
already dry where forest species 
may reach their moisture regime 
tolerance, or become more 
susceptible to invasive species 
outbreaks (Ecora 2012). Work is 
ongoing to visualize these impacts 
on publicly available maps.
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City staff determined that additional analysis to the 
PCIC work (Picketts et al. 2009a) would be beneficial 
in addressing and understanding certain impacts; 
particularly storm-water management and 
transportation infrastructure. Two reports were 
commissioned to: 1) analyze the intensity, duration and 
frequency (IDF) of rainfall in Prince George, and 
examine precipitation and freeze-thaw cycles; and 2) 
assess results and determine how changes in 
precipitation and freeze-thaw cycles will affect Prince 
George.
Both reports are currently in the 
final stages of completion. Initial 
results indicate that freeze-thaw 
cycles in Prince George are 
decreasing annually, but 
increasing in winter. There is 
currently insufficient information 
to justify changing IDF curves; 
however this analysis does not 
consider projected future changes.
•oam
61a
1a
•is
CB
2*3n>*
2
B.3
The committee dedicated a final chapter to 
summarizing ongoing and potential research (related to 
the impact priorities in the adaptation strategy), which 
were not addressed in detail in previous chapters.
These include: severe weather / emergency response; 
slope stability; water supply; agriculture; buildings and 
utilities; health; and new businesses and residents.
Strategies to initiate meetings 
with emergency response and 
agricultural professionals are 
outlined, as well as a plan to 
incorporate climate change 
considerations into an upcoming 
slope hazards review.
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Interview responses
About the participants
At the time of the interviews, respondents have been living and working in Prince George for 
two to 32 years, with a mean of 15 years. Most had had longer professional careers, with a 
mean experience level of 20 years. All interviewees were aware of the Prince George 
adaptation initiative, and most were involved in some capacity. Approximately half of the 
participants were ‘internal’, or employed by the City while Phase II of the Adaptation 
Project was ongoing (2010 -  2012). Every participant provided an accurate definition of 
climate change adaptation, and was able to differentiate the concept from mitigation. When 
asked to define adaptation, each respondent included an unprompted acknowledgement that 
adaptation relates to many aspects of a prosperous community, and is more than solely an 
environmental issue.
Present public support for climate change
Interviewees were asked to provide their opinion on the current level of public support for 
climate change adaptation in Prince George. Responses varied in their assessments from 
‘ low ’ to ‘quite favourable ’. A common theme was that the public may support adaptation 
action, but it is not necessarily a priority. One politician noted that they received hundreds of 
calls and emails a year about some seemingly minor issues (such as water fluoridation), but 
only a handful regarding climate change. Respondents who felt support was higher generally 
linked their assertion to recent events or changes that have attracted public attention. These 
events include floods, the mountain pine beetle epidemic, anomalously warm winter
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temperatures and the rapid deterioration of local roads. Respondents frequently pointed out 
that 'memories are short’, and that support recedes very quickly after these types of events.
Effectiveness o f adaptation initiatives undertaken
Participants were presented with a one-page overview of the eight initiatives undertaken in 
Prince George in Phase II of the project (Table 5-1). If requested, more information 
regarding the initiatives was provided. (This was accomplished by answering questions, 
explaining the initiative(s) in more detail and/or providing copies of the executive summaries 
of individual initiative reports.) Participants were asked to reflect on each initiative, and then 
to select the top two that they believed were the most effective and explain why. For 
clarification, participants were asked to identify and explain why certain projects should be 
continued or implemented if ongoing support became available, and which projects were 
most likely to continue or be implemented without ongoing external support. The subsequent 
questions asked the opposite: which projects have been least effective, which should not be 
continued if ongoing support became available and which are least likely to continue 
independent of ongoing external support. While posing these questions I acknowledged that 
many initiatives are ‘apples and oranges', or difficult to compare as they have different 
goals (e.g., increase understanding, perform analyses or change policy) and different 
intended outcomes. Furthermore, many initiatives are interwoven and some are reliant on the 
outcomes of others. Participants were asked to acknowledge the challenge of comparing the 
broad range of materials, and to focus on providing feedback to the best of their ability about 
which have been (and will be) the initiatives of most and least overall value for Prince 
George.
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Participants spent the majority of the interviews discussing the merits of each initiative and 
why some did (or will) succeed, and vice versa. The responses were generally consistent, 
with many clear themes emerging. An aggregated overview of the feedback for each 
initiative is provided in Table 5-2. The perceptions of success (and order of the table) are 
based on the numbers of interviewees who identified each initiative as successful and 
unsuccessful.
Of all initiatives, interviewees had the most positive views of ‘Transportation’, and it was 
highlighted by nearly two-thirds of respondents as effective. Most participants noted the 
considerable costs of roads and road maintenance as a principal reason that it was an 
important topic for the City to explore. The other common rationale was that transportation 
infrastructure (particularly road quality) has become a major public and political issue in 
Prince George in recent years, and has been extensively covered in the media (Figure 5-3). 
(One politician noted that there is even a ‘pothole page’ for Prince George on Facebook.) 
‘Transportation’ was considered important as it was linked to other priorities such as storm- 
water and flooding. Respondents also identified the economic and strategic importance of 
roads, especially with regard to Prince George’s efforts to market itself as a transport and 
trading hub for Asian markets (IPG n.d.). ‘Transportation’ was nearly unanimously agreed 
upon to be a priority for the allocation of ongoing funds. Every politician and champion 
highlighted the initiative as a priority on which taxpayers would support continued spending.
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Table 5-2 Overall perceptions of success of adaptation initiatives in Prince George
Initiative Perceptions of success Key reasons for initiative success (+) and 
failure (-)
Transport­
ation
Highly successful: a top local 
priority for ongoing action 
which will be broadly supported 
and realize cost savings
+: high public interest, practical solutions 
explored and clear cost savings potential
-: no focus on pedestrians or public 
transportation
OCP Successful: comprehensive 
inclusion of adaptation into a 
plan with binding policy 
outcomes
+: binding policy that will persist beyond 
political or personnel changes
-: language is permissive and can be 
ignored
Flooding Successful: a local priority and 
measures effectively 
incorporated into a strategy
+: comprehensive and timely effort put 
forth to address tangible local priority
-: significant local opposition to dike 
project has halted progress on 
implementation
Natural
Areas
Moderately successful: a
valuable and worthwhile 
initiative, however 
implementation unlikely in 
stressed budget conditions
+: separate champion leading initiative and 
visual outputs a communications tool
-: Support unlikely from current 
administration
Forests Unsuccessful: an important 
local priority, but further action 
uncertain as City has already 
displayed leadership
+: communicates positive measures taken 
to address an important local priority
-: many actions either already completed 
or out of City’s jurisdiction
ICSP Unsuccessful: an opportunity to 
influence the long-term 
community vision; but the plan 
is not binding and has not been 
widely supported
+: ICSP process engaged and educated the 
community and established a local vision
-: the ICSP has not received broad uptake 
or attention to date
Precipita­
tion and 
freeze- 
thaw
Neither successful or 
unsuccessful: important 
information, but not completed 
and not an applicable stand­
alone output
+: innovative scientific analysis
-: minimal applications as a stand-alone 
initiative
Ongoing 
and future
Neither successful or 
unsuccessful: unlikely for City 
to undertake or support these 
initiatives
+: outlines future investigation 
opportunities
-: further support or funding unlikely
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Figure 5-3 Photo illustrating poor road quality in Prince George. Road deterioration has been 
identified as a major public concern (photo by author).
Another initiative that received a large amount of positive feedback (with over half of the 
respondents identifying it as one of the top initiatives) was the OCP update. Participating in 
creating the OCP was considered to be a wise use of resources. Interviewees believed that 
there were many positive outcomes from this initiative that would continue, even without 
ongoing external support, as they resulted in adaptation being incorporated into (technically) 
binding policy. Several interviewees noted the broad scope of the OCP, and the range of
144
adaptation priorities that were included in it (Picketts et al. in press), as a positive attribute of 
the initiative. One participant described the OCP as the 'catch-all’ of the Adaptation Project.
The ICSP and the OCP were generally discussed together, but feedback regarding the ICSP 
initiative was less favourable amongst all respondent groups. Several interviewees identified 
the OCP as a successful initiative and the ICSP as unsuccessful. The negative sentiment for 
the ICSP was unrelated to the process or the adaptation content contained within: it was 
associated with a strong lack of optimism that the ICSP would be followed or implemented 
in a meaningful way in Prince George. Two respondents highlighted the ICSP as a positive 
and worthwhile initiative, explaining that it was the best opportunity within Phase II of the 
Project to communicate and promote the concept of adaptation to a broad audience. One 
manager recounted the opportunity to sit in a room of ‘non-converted' types, and receive 
candid feedback from local stakeholders who do not believe that climate change is a high 
community priority.
The ‘Flooding’ initiative was largely perceived as successful, and identified by nearly half of 
the respondents as a top initiative. Most support for ‘Flooding’ was related to the 
significance of the impact in Prince George (similar to ‘Transportation’). Respondents 
commented favourably on how researchers and practitioners capitalized on a small window 
of opportunity to incorporate climate change into the City’s Flood Risk Assessment. Several 
planners and engineers noted that if this opportunity had been missed it would have been 
very difficult to achieve any tangible results or progress related to flooding and climate 
change for a long time.
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Response to the quality of the ‘Natural Areas’ initiative was positive; however, it was also 
the initiative most commonly identified as unlikely to continue without ongoing external 
support. Multiple respondents viewed the initiative as one that would not be supported by a 
public adverse to taxes and a City administration mandated to reduce spending. A common 
reason interviewees believed that natural areas research would not continue was that it is 
difficult to relate to reduced risks and cost savings. One participant highlighted the ‘Natural 
Areas’ initiative as particularly valuable because of its potential to serve as a 
communications and educational tool; noting that it has highly visual mapping outputs that 
will be accessible to the general public (Table 5-1). Two respondents also highlighted 
‘Natural Areas’ as an initiative that was completed on time and was promoted to the public. 
They attributed this to the fact that it was started and managed by individuals who were not 
part of the organizing committee, and not overwhelmed with tasks.
Interviewees agreed that forest impacts are very important in Prince George, but response to 
the specific ‘Forests’ initiative was mixed. Over half of the internal participants noted that 
Prince George had already demonstrated considerable leadership on the topic before formal 
adaptation research began. Some participants highlighted ‘Forests’ as unsuccessful, noting 
that it had not been a good use of resources to pursue this topic further in Phase II. They 
believed that additional forest-related actions are unlikely to occur as a result of the research 
performed in Phase II.
Participants provided minimal feedback regarding the ‘Precipitation and Freeze-thaw 
Analysis’ initiative. (At the time of interviews, the research on this initiative was not 
completed and the external reports were not available.) Most viewed the initiative primarily 
as a supporting study for the ‘Transportation’ initiative and for future projects regarding
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storm-water management. Some expressed concerns that the City would not have the 
resources to apply the information when it was completed. One participant criticized the 
initiative as ‘'another study’ with no tangible outcomes, and highlighted it as a prototypical 
example of the type of project that the public does not support.
The ‘Ongoing and Future’ initiatives were not perceived as a success or as a failure, but 
generally a compendium of projects that the adaptation committee wisely decided should not 
be pursued. Participants who commented on this final initiative largely agreed that the 
majority of topics covered either should not have been explored in Phase II, or would not 
receive support if they were. Some suggested that certain topics should be independently 
championed by external institutions with the appropriate expertise (such as agricultural 
groups or health organizations), and many expressed interest in ongoing agricultural 
research. One planner shared disappointment that the topics related most closely to social 
issues were relegated to this final chapter and were under-represented in the outputs. 
However, the respondent also acknowledged that these social projects would not likely have 
received broad support or led to implementation if pursued.
The future o f adaptation in Prince Georze
Final interview questions focused on the future of adaptation in Prince George. Respondents 
acknowledged the amount of work completed and were complementary of the project as a 
whole. However, feedback was mixed regarding how or if this work would continue. When 
asked to predict where the project would be in five years without external support, responses 
were evenly distributed between negative and mixed, with only one participant expressing 
strong optimism.
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Local champions and politicians were the least positive in their assessments. One champion 
observed that it became extremely difficult to complete the adaptation initiative even with 
support, and wondered how it could be expected to carry forward without ongoing external 
funding. Many respondents expressed pessimism by highlighting how the local dike project 
was defeated, even though there was a strong scientific justification for it and the majority of 
the funding had been secured from external sources (and would not have to be repaid by the 
City).
Another rationale commonly used by respondents for raising doubts about the future of 
adaptation was inadequate public support to justify adaptation-related spending. This general 
theme was cited as an underlying cause of the political changes, and was particularly 
prevalent in the responses from politicians and planners. Many respondents (particularly 
planners, engineers and politicians) highlighted the infrastructure deficit in Prince George 
and in Canada as a major challenge that will make it difficult to gain local support for 
projects of this nature. Respondents believed that the City is shifting toward a management 
structure of minimizing all ‘other’ services to pay for infrastructure maintenance and 
renewal. Respondents asserted that, as a result of this shift, there would only be support for 
spending money on adaptation actions that are related to infrastructure and have positive cost 
implications. One politician commented on current attitudes by stating:
'A mantra that we are going to see for the rest o f our lives is “difficult 
economic times”. This is a statement we will hear a lot over the next few  
years and it basically means that we won’t get support for ‘extras It is a 
simple way to say that I  am not going to prioritize what you think is 
important. It is not necessarily to say we actually are in difficult times. ’
148
Respondents who were more positive about the future of adaptation, and believed actions 
would continue without ongoing support, mostly frequently identified City staff as the 
champions who would continue pushing the initiatives internally. (External champions were 
also identified as proponents for ongoing adaptation, but to less of an extent.) Some believed 
that changes or events would occur in the near future that would cause the City to prioritize 
adaptation again, and others posited that adaptation work would regain momentum if there 
was a political shift in the next municipal election in 20148.
5.5. Discussion
Prince George has achieved significant progress in the field of local climate change 
adaptation. The activities undertaken fit within the ‘practical application’ field of research 
defined by Smit and Wandel (2006), as they employ local knowledge and experience to 
undertake useful and applied actions. Fiissel and Klein (2006) outline four levels of 
adaptation through which organizations typically progress as they transition from learning 
about impacts and possible solutions to implementing actual measures. Of these four levels, 
Prince George has progressed to stages three (considering tangible actions and the capacity 
of people to implement them) and four (contributing to policy-making). The Prince George 
case study research is one of a relatively small number of adaptation studies that exhibits 
intentional actions to address multiple impacts (Berrang-Ford 2011; Hunt and Watkiss 
2011). One manager reflected on local progress before the political changes by stating:
8 Municipal elections in BC are held every three years.
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“It was ticking along pretty good for a while! It looked like it [adaptation] 
was going to be incorporated into most lines: planning, development, 
infrastructure, etc. We were totally on the right track, and other communities 
were looking to us to do a lot o f leading edge standard development. ”
The level of knowledge of adaptation amongst the group of respondents, as illustrated in the 
responses to preliminary questions, can be considered very high. The fact that all participants 
acknowledged the reality that adaptation affects social, environmental and economic aspects 
of a community is exceptional, as the misconception that adaptation is solely an 
environmental issue is prevalent within local governments (Measham et al. 2011; Baker et 
al. 2012). Although there are limited existing studies assessing the capacities of various 
groups, the knowledge amongst the sample group is considerably higher than recent 
assessments of city staff members in Australia (Measham et al. 2011), and planners in BC 
(Picketts et al. 2012a). The respondents also convey more knowledge than shown by Lyth et 
al. (2007), who found that engineers, planners and architects in Australia had a variable 
knowledge and skill-base regarding adaptation.
Based on the high level of knowledge regarding adaptation displayed by the interviewees, a 
key (and potentially overlooked) success of this initiative can be considered its capacity 
building function. Although there is no baseline of respondents’ levels of knowledge (i.e., 
answers to similar questions collected before the adaptation project commenced in Prince 
George), it can be inferred that the lengthy and applied nature of the project contributed 
significantly to an increased understanding of adaptation amongst a large spectrum of 
citizens in Prince George. This knowledge will be significant as adaptation continues in 
Prince George, as 'learning-oriented reflexive processes are an important condition for 
climate change considerations to be made part o f the structure, practices and behaviour o f
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actors and organizations and administrative units from different sectors and levels' 
(Storbjork 2010, p. 239). Further support for the argument that increased capacity is a 
significant outcome of the adaptation work in Prince George is shown by the fact that 
respondents mostly frequently identified City staff as the actors who would continue to 
advance action. These respondents believed that adaptation would remain ‘on the comer o f 
people’s desks’ and would continue to be incorporated or added to bylaws, projects and/or 
processes when possible.
One identified weakness related to local capacity was succession. Several interviewees 
expressed concerns that knowledge and capacity will be lost as people retire and change 
positions, if new staff were not educated about adaptation. Some lamented the loss of 
internal capacity that had already occurred with the recent staffing changes.
Overall, respondents believed that public support for adaptation in Prince George was 
moderate, but that support for the expenditure of public funds toward adaptation was low. 
Local support was judged to be linked primarily to major changes and events. Dramatic 
changes and events are important for motivating adaptation responses (Berrang-Ford et al. 
2011, p. 32), and several interviewees commented on how interest in Prince George was 
high in the months following flooding events and when the mountain pine beetle epidemic 
was at its peak. Respondents believed support will increase in the future, but that it may take 
a major event to galvanize this support. This is a grim reality, as Prince George has already 
witnessed a large number of climate-related impacts firsthand. Storbjork (2010, p. 245) 
discussed the ‘event-driven nature o f legitimacy', and noted how communities in Sweden 
have been taken by surprise repeatedly by not reducing risks between events, and instead 
diverting money away to different priorities that were deemed to be more urgent.
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Unfortunately, Prince George appears to be currently following this trajectory by eliminating 
positions in long term planning and not improving its flood protection infrastructure. A lack 
of consistent support for adaptation activities is a major challenge in Prince George, and in 
communities around the world (Burch 2010; Storbjork 2010; Measham et al., 2011). One 
planner expanded on this sentiment while expressing disappointment on the status of the 
dike project:
“Memories are very short -  hence the public backlash against the dike. The 
City applied for that project [the dike] just over a year after the last flood. It 
took over two years for the province/feds to make a decision. Unfortunately 
enough time had passed that people had forgotten that there was a flood that 
cost $4 million to recover from, not including the loss o f business and 
everything. ”
The most positive feedback regarding phase II of the Adaptation Project was for 
‘Transportation’. The rationale for identifying ‘Transportation’ as the most successful 
initiative was primarily related to the topic’s local importance; particularly in relation to 
public support and costs. Failing transportation infrastructure also links to concern about 
infrastructure maintenance and the large and rapidly growing infrastructure gap in Prince 
George and in communities across Canada (Mirza 2007). The fact that most respondents 
believed that the public would support allocating more resources to transportation research is 
significant, as lack of support for funding was a major barrier to continued adaptation action. 
This topic poses a unique opportunity for local governments to consider climate change 
(both mitigation and adaptation) and asset management concurrently, and it is a subject that 
has potential to galvanize support amongst people who may be otherwise uninterested in 
pursuing adaptation.
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Although respondents were not typically referring to actions undertaken in Phase II of the 
research when highlighting it as successful, several participants lauded the ‘Transportation’ 
initiative because it ‘broke new ground’, or was a project spearheaded by the adaptation 
committee. Respondents also opined that ‘Transportation’ was the best example of a project 
the City is (and can continue) undertaking that the public can perceive as practical and 
substantive. Multiple participants noted the significant communications and educational 
opportunities associated with addressing transportation as it is has tangible outcomes (such 
as a permeable road) that can be seen, touched and promoted. One local champion expanded 
on the importance of providing tangible projects in Prince George:
“People want something substantive. We come from a community o f workers 
with trees and nails and people who work in a substantive way, not an 
intellectual way. You have to give them visual and concrete representation.
Then they will join in....when they see something substantial being done they 
will join in. They are very practical people. ”
Bringing in external transportation experts was widely viewed as a positive action, however 
politicians and champions felt there was inadequate outreach associated with the 
‘Transportation’ workshop (Table 5-1), and more of an effort should have been made to 
inform the public and cover the event in the media. A significant overarching weakness of 
Phase II of the Adaptation Project can be considered to be a lack of communication and 
championing outcomes. A major reason for this was that staffing changes removed the 
principal positions who would have publicized the outcomes (including the Communications 
position). A lack of communication and reporting is a contributing factor in the current state 
of inaction of the project.
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The identification o f ‘Transportation’ as the top initiative reflects its high priority for future 
action, as outlined in the Adaptation Strategy. Conversely, ‘Forests’ was not as well regarded 
by respondents, principally because they believed that the City has already taken 
considerable action on the subject. Therefore it is important to identify both the top local 
impacts and also create a prioritized approach for adaptation that accounts for completed and 
ongoing actions (Picketts et al. 2013).
The OCP initiative was positively regarded by respondents because it provided direction on 
a range of adaptation actions, and would persist beyond local political or personnel changes 
because it was integrated into policy. Despite the positive sentiments regarding the OCP, 
several respondents also noted that the plan will not necessarily be closely adhered to by 
City administration, particularly because OCPs typically provide only general direction. 
Furthermore, the adaptation content in the OCP consisted primarily of general, non-binding 
objectives and policies (Picketts et al. in press). Speaking of the OCP and the ICSP, one 
manager noted:
"It’s pretty easy to put adaptation priorities into strategic plans and policy 
documents. I  don’t know if they ’re really going to drive anything though. I  
don’t know if  they are going to be the key things that are going to drive 
ongoing adaptation. ”
Although sentiments of this nature were common, all but one of the respondents who 
highlighted how policies can be ignored also immediately acknowledged that incorporating 
adaptation into the OCP was still a valuable action. (The majority of the negative feedback 
of this nature was directed toward the ICSP project.) One politician expanded on this point 
by stating:
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"I'm a big fan o f getting it [adaptation] written down: getting strong policies 
in place. Nowhere is that more evident than the OCP. A challenge you have is 
that some statements are nebulous and not mandatory; however what is 
important is that you need to take general statements and then make specific 
policies for changes in bylaws and procedures. You’ve got to get the 
standards there. It doesn’t guarantee action, but it identifies it. ”
Many interviewees continued to discuss how to ensure that adaptation planning and action 
could continue without being impacted by short-term political changes. Removing climate 
adaptation (and also mitigation) decisions from the effects of short term political and 
personnel changes is a major ongoing challenge (Measham et al. 2011; Burch 2009), which 
was articulated well by one politician:
"We need to put changes in place that require us to make longer term 
decisions. We cannot use the economic situation today as an excuse to not 
make good decisions. In Canada we are not in that bad o f a situation. We 
have a civic and democratic society. We are not in a major crisis, like some 
politicians say. By saying so we are distracted from thinking longer term. My 
concern is that we won’t think about adaptation or climate change because 
we are thinking about the economy. But, when actually thinking about the 
economy, we should think about what will happen in 30 years. Still people in 
politics think in the short term. ”
‘Flooding’ was positively regarded primarily because it was a pressing local priority, and 
because adaptation was incorporated into the ongoing Flood Risk Assessment in a timely 
manner. The value of incorporating adaptation into existing processes (or ‘piggy backing’, as 
it was referred to by the adaptation committee) has been identified by Smit and Wandel 
(2006), Adger et al. (2007), and many others as a strategy to counter adaptation’s low level 
of priority.
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Although ‘Flooding’ was perceived as successful, over half of the respondents referenced the 
public backlash to local flood control measures (overviewed in the Local Political Changes 
and Events Section) at least once during their interview. These references were linked to 
current public attitudes of opposition to taxes and spending. Unfortunately, although climate 
change was only a small portion of the justification for the project, the recent rejection of the 
dike in Prince George has derailed progress on the ‘Flooding’ initiative.
The ‘ICSP’ was singled out as an initiative that was unlikely to be followed, but no 
participants criticized the plan itself or the participation of adaptation researchers in the 
process. Multiple planners and City staff noted that the OCP update (which was regarded as 
successful) would not have had adaptation in it if the adaptation team had not participated in 
the ICSP project first (Picketts et al. in press). Several interviewees commended the breadth 
of scope of the ICSP initiative and the efforts made to engage the public, and expressed their 
disappointment that the current administration does not appear to be utilizing the plan. Non­
binding plans and strategies are particularly sensitive to political changes and shifts in public 
opinion.
The ‘ICSP’ and ‘Flooding’ initiatives reveal many unfortunate realities regarding local 
adaptation planning. Among these is the fact that adaptation is a long term undertaking, but 
subject to short term shifts in political and public will. Furthermore, adaptation (and climate 
change in general) can be viewed as incompatible to general principles of fiscal conservancy 
and minimizing the scope of government (Oreskes and Conway 2010). The ICSP and 
flooding initiatives illustrate drawbacks related to normalizing adaptation into local policies 
and strategies. Although normalization is an efficient practice and a current necessity, some 
potential associated drawbacks include:
156
• adaptation must be incorporated into another project and therefore there is minimal 
control over the process, timing or final product (Picketts et al. in press);
• projects may be negatively affected -  and ultimately not completed or supported -  by 
factors unrelated to adaptation; and
• adaptation may not be a primary focus of the project and may be difficult to promote 
or communicate as a result.
‘Natural areas’ was another initiative predicted to [fall by the wayside’ under the new 
political regime in Prince George. Primary reasons for this prognosis were that the topic can 
be considered outside of a City’s jurisdiction, and the subject may not be considered a 
priority because it does not relate closely to costs and risks. (Minimal risks and costs are why 
the impact was not identified as a priority in Phase I of the project.) However, interestingly, 
this is the only initiative that has continued and where new outputs have been produced since 
Phase II of the Adaptation Project was completed. A primary reason respondents believed 
the initiative was successful was that it was the only project with its own champions 
performing outreach and publicizing efforts. One local manager used the natural areas work 
to draw an important lesson from the Project regarding capacity on projects:
"A key lesson is that, when doing projects like this, it is important to have 
redundancy within the human capacity. You could say you need to wear a belt 
and suspenders when it comes to people on the project. These types of 
projects tend to be side o f the desk. Often they go by the wayside depending 
on priorities within and dictated for the organization. ”
All respondents who expressed pessimism regarding the future of adaptation in Prince 
George cited political changes and the resultant elimination of staff positions as supporting 
reasons for their viewpoint. The staff cuts had a large impact on City staff involved in the
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adaptation initiative, and nearly all of the most engaged internal City participants either lost 
their jobs or were assigned to new positions and given different sets of responsibilities. 
These shifts occurred over one year into the Phase II project (at a point where most 
initiatives were underway or nearing completion) and did not affect the funding or the 
expected deliverables. The changes did, however, compromise local staffs abilities to 
provide direction, expert opinion and in-kind assistance to the initiative. The changes 
contributed to delays in completing and reporting on actions, and severely compromised the 
City’s ability to promote the work and seek ongoing funding and partnerships.
One respondent pointed out that the local administration was clearly not interested in acting 
on the initiatives because they deliberately removed most of the staff positions that would 
have taken the lead on the projects. Many believed that the only initiative that may have a 
future was ‘Transportation’. Speaking about Phase II of the project, one engineer lamented:
“It was really good but it died as a result o f political changes and 
administrative changes. I  am afraid that it will happen in other areas o f the 
climate change work. I  suspect that the overall philosophy o f cutting the 
budget and fixing potholes and fixing pipes in the ground will take over. It 
[the adaptation work] is all very important but some o f this stuff might well 
get cut. ”
The future of adaptation appears to be uncertain in Prince George due to a lack of ongoing 
funding, and a lack public and political support. Measham et al. (2011, p. 906) note how, 
even if it is identified as a priority, adaptation can be easily under-supported when it comes 
to allocating scarce resources. Opportunities for continued action appear to be linked to 
initiatives: which have overt cost savings and infrastructure improvement implications; 
where adaptation has been incorporated into a policy or ongoing strategy; and/or where a
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pressing community threat is perceived. If succession is managed, local capacity will remain 
in place to address related issues as they resurface due to changes in political will or extreme 
events. One local champion linked the concepts of increased local capacity, lagging public 
support and extreme events when expressing optimism about the future of the project:
“7 think a number o f key people in Prince George learned significant amounts 
about climate change and some just got their toe wet. That’s okay. I  think 
we ’11 see a bit o f a lull over the next couple years; then it will pick up again 
when it has some sort o f event that motivates public or political will. ”
As a bounded case study, there is a number of limitations to the research that make outcomes 
difficult to generalize (Yin 2009). There is a strong contextualization in time and place, and 
the unique challenges and opportunities encountered in this case study will never recur in 
another community adapting to climate change (Burch 2009). All of the interview 
participants were engaged in the Adaptation Project in at least some capacity. Therefore, the 
participants may have been: hesitant to criticize aspects of the project they may have helped 
to create and implement; reluctant to relate criticisms, as the interviewer (I) had been an 
active participant in the initiative; and directly or indirectly affected by the changes which 
occurred in the City during and after the 2011 election and either prone or reluctant to 
criticize individuals or groups as a result. I do not perceive that the aforementioned factors 
significantly affected responses, given the respondents’ willingness to participate and speak 
openly about a range of subject matter.
An additional source of error is that I (the author) have been invested in this project for 
years, and (although attempting to minimize personal biases) have infused my own opinions 
and biases during all phases of the research. External interviewees’ opinions were solicited,
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and reviewers provided feedback on interview analyses, to attempt to reconcile this potential 
source of error. Finally, the results have been qualitatively analyzed, and are based on data 
that are open to interpretation and difficult to generalize. Some participants did not answer 
all questions, and answers were sometimes incomplete or vague. In spite of these limitations, 
however, the overall assessments and conclusions are grounded in direct experience and on 
the frank contributions and insights of informed respondents. Therefore the outcomes should 
be useful and broadly applicable to academics, practitioners and champions of adaptation.
5.6. Conclusions
The last five years in Prince George have provided an adaptation case study ripe with 
opportunities and challenges. The City was able to leverage its considerable internal 
knowledge and capacity with significant external funding and support to emerge as a leader 
in local level adaptation. Prince George has been highlighted as an adaptation leader in 
documents including Bowron et al. (2012), Richardson and Otero (2012) and Carlson 
(2012). However, the funding has concluded, and changes within the City -  most notably a 
new Mayor and Council and resultant elimination of staff positions -  have had significant 
effects on the overall adaptation initiative, and bring the future of proactive adaptation in 
Prince George into question. Although these changes are widely regarded as negative as they 
relate to adaptation, the circumstances provide a unique research opportunity.
The purpose of this article has been to outline and evaluate the variety of initiatives that have 
occurred in Prince George, to explore which have been most valuable, and determine which 
are most and least likely to withstand organizational stressors and change. Analyzing the 
interview responses reveals strong emerging themes and lessons for communities seeking to
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make progress related to adaptation. Based on the Prince George experience, four 
interrelated tenants for encouraging local adaptation actions that are effective, efficient and 
will persist beyond organizational changes (particularly in smaller or under-resourced 
communities) are proposed:
1. Build and maintain local capacity: The high level of local knowledge within Prince 
George was why the Adaptation Project began, and was the principal rationale given 
to explain why further adaptation may occur in the future. Capacity needs to be 
developed and maintained in regards to both professional expertise, and 
communicating and championing adaptation to leaders in political and senior 
administration roles. Education, redundancy and succession management are key 
components to fostering local capacity.
2. Normalize adaptation when appropriate: By ‘mainstreaming’ adaptation into 
ongoing initiatives many more outcomes were achieved in Prince George than if the 
adaptation team had operated in isolation. Incorporating adaptation into policies, 
procedures, codes of professional practice and work plans will help to ensure 
continued action, even if political will shifts. (Tenants one and two address the same 
underlying goal, as both are aimed toward making adaptation a ‘business as usual’ 
practice within local governments.) Although this is an efficient and necessary 
strategy, there are associated shortcomings and it is also important to create and 
champion some projects (Tenant 3).
3. Create and champion tangible projects: Although participants applauded the 
breadth of initiatives undertaken in Phase II of the Adaptation Project, one common 
criticism was that most outcomes were intangible. Tangible projects have
161
considerable educational and promotional opportunities, the potential to combat 
sentiments of mistrust toward government, and can involve the public in a 
meaningful way.
4. Link actions to costs and priorities: Cost and funding constraints are major
challenges to implementing adaptation that are unlikely to recede anytime in the near 
future. Communicating the importance of a project, especially through quantitative 
valuations, can be an effective strategy to gain support for and illustrate the priority 
of adaptation; particularly to politicians and citizens averse to public spending. 
Addressing this tenant involves fostering capacity amongst senior local staff in 
administrative, financial and asset management roles (Tenant 1), and normalizing 
adaptation into financial analyses (Tenant 2).
One key final additional lesson highlighted from Prince George is the clear and pressing 
need for continued adaptation funding from higher levels of government to communities. 
Ongoing and consistent funding is necessary to make progress on all four of the tenants. This 
will improve the quality of adaptation plans (Baker et al. 2012), and also reduce the effects 
of short term political shifts. The need for external support is especially important given the 
range of fiscal and capacity challenges that communities are facing.
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Chapter 6: Conclusions
The purpose of this final chapter is to summarize the dissertation, explain the contributions 
of this research (in both theoretical and practical realms) and outline opportunities for future 
study.
6.1. Summary of results
In this dissertation, the challenge and opportunity of local-scale adaptation to climate change 
has been explored through four main data chapters.
In Chapter 2, a workshop framework, which incorporated attributes of ‘top-down’ and 
‘bottom-up’ assessments, was developed to increase local capacity and awareness, and 
efficiently apply climatic information and gather feedback from decision-makers regarding 
local climate impacts. A high level of pre-existing local knowledge and interest regarding 
climate impacts in Prince George facilitated the involvement of senior City staff, and 
allowed for a brief introduction to related concepts. The workshop outputs reveal that the 
major impacts of concern amongst local experts relate to forest fires, flooding, responding to 
extreme weather, water supply and transportation infrastructure. Sustainability Plans, OCPs, 
Asset Management Plans and Financial Plans were identified as documents that should 
house adaptation strategies. Carefully facilitated workshops and focus groups proved to be 
appropriate methods to gather expert feedback in a limited period of time.
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In Chapter 3, the workshop outputs from Chapter 2 were combined with local sources of 
information to compile a detailed overview of priority impacts for Prince George. The top 
impacts in Prince George relate to: forests; flooding; transportation infrastructure; severe 
weather / emergency response; and water supply. Other impacts, such as health and 
agriculture, are important but are more difficult to valuate in tenns of risk; therefore, these 
impacts should be examined further independently. The adaptation priorities serve as a good 
general roadmap for future action. Actions that have already occurred and emerging 
opportunities to normalize adaptation must also be taken into account when considering 
further research and actions.
In Chapter 4, the outcomes of an action research exercise were summarized wherein 
researchers participated in the processes to create an ICSP and an OCP for Prince George. 
During the process to create the ICSP, climate change was identified as a community 
priority, ‘climate impacts’ were identified as one of two major sources of future uncertainty, 
and adaptation was discussed in all strategy workshops. A policy template was created to 
justify how adaptation should be incorporated in the OCP, and suggest specifically related 
objectives and policies. Both final plans included substantial adaptation-related content, and 
measures related to all 11 impact priorities outlined in the adaptation strategy created in 
Chapter 3. Barriers to incorporating adaptation into local plans include perceptions that 
adaptation is not a major priority, perceptions that adaptation is primarily an environmental 
issue and limited clear policy direction.
In Chapter 5, the implementation activities undertaken during the second phase of research 
were summarized and evaluated. These include initiatives related to: incorporating 
adaptation into local plans; including climate change considerations in flood risk and natural
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areas mapping projects; exploring trends related to extreme rainfall and freeze-thaw cycles; 
investigating ongoing activities related to forests; and initiating a project to explore 
transportation infrastructure design and management. The political changes had a large 
impact on participants’ perception on the success of the project, and most participants 
indicated that the future of proactive adaptation in Prince George is uncertain. Local expert 
feedback indicated that the most successful initiatives were related to transportation 
infrastructure, flooding and the OCP update. These were determined to be effective because 
they had clear cost implications, were related to topics of significant public concern and/or 
normalized adaptation considerations into another process. Participants cited the high level 
of local capacity as a primary reason that local adaptation may continue, and a lack of public 
and political will and funding as primary reasons that local adaptation may not continue.
6.2. Evaluation of objectives and identification of future research 
opportunities
During early research conceptualization stages, a set of objectives was framed to guide the 
research and the resultant dissertation. These were outlined in Chapter 1. In this section each 
objective is revisited, the extent to which it has been addressed is discussed, and related 
future research opportunities are briefly outlined.
Objective 1
To utilize climate model outputs to communicate climate change adaptation, raise 
awareness of local climate impacts and inform a comprehensive adaptation strategy 
for the City of Prince George.
165
Contribution and research opportunities
Climate models were utilized during various phases of the research to raise awareness, 
inform risk assessments, create the Prince George Adaptation Strategy and guide further 
research and implementation actions. The workshop framework outlined in Chapter 2 shows 
how empirical climate information (in the form of climate model outputs) can be presented 
to and applied by local practitioners who have local knowledge to determine local adaptation 
priorities through a risk assessment, and ultimately inform a comprehensive adaptation 
strategy (Chapter 3). The research outcomes build upon guides, frameworks and discussion 
(including Bruce et al. [2006], Bizikova [2008], NZMOE [2008], Cohen [2010] and ICLEI 
[2010]) by illustrating how climate projections can be utilized in an efficient and focused 
manner so that decision-makers can participate in creating an adaptation strategy.
Although there have been significant advances in GCM capabilities over the last decade, 
many shortcomings related to communicating or ‘translating’ climate model outputs persist 
(Cohen 2010). Therefore, exploring how to more effectively communicate climate 
information to practitioners, and the general public, so that it can be applied to inform local 
adaptation is an important area for ongoing research. Strategies related to visualization (e.g., 
Shaw et al. 2009; CALP 2010) can be explored further. One challenge is how to create 
visualizations with limited resources. Although model outputs are a valuable tool for 
informing adaptation, local-scale adaptation assessments can still occur without downscaled 
climate information (Picketts and Murdock 2012; Pielke and Wilby 2012).
The framework developed to assess local impacts breaks down some of the perceived 
differences between traditional definitions o f ‘top down’ and ‘bottom up’ assessments. This 
was accomplished by engaging stakeholders in all phases of the research, by carefully
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communicating the limitations and uncertainties associated with projections (as well as 
having a climatologist at the workshop to discuss the results with stakeholders and answer 
questions) to convey the range of possible outcomes, and by taking time to explain the 
importance of changes in extreme events. Although steps were taken to mitigate common 
criticisms of ‘top down’ assessments, some associated shortcomings were experienced 
throughout the research. These included an emphasis on changes to mean air temperatures 
and precipitation levels over changes to the frequency and severity of extreme and unusual 
weather events (which often have the largest impacts [Walker and Sydneysmith 2008]), and 
difficulties experienced in communicating the uncertainties and ranges of projections (Smit 
and Wandel 2006; Pielke and Wilby 2012). Future work should continue to explore how to 
better integrate ‘top down’ and ‘bottom up’ assessments to better realize the advantages and 
minimize the shortcomings associated with each method, and enhance chances of effective 
implementation. Future research could also examine how adaptation planning may proceed 
differently in communities that engage in ‘top down’ versus ‘bottom up’ assessments.
Objective 2
To interact with community members and practitioners in Prince George regarding 
adaptation to access local sources of knowledge, raise capacity, and educate all 
parties (including researchers).
Contribution and research opportunities
Based on the outcomes of the engagement activities (e.g., the workshop, public surveys and 
planning processes) (Chapters 2, 3 and 4) and the level of capacity demonstrated in the 
interviews (Chapter 5), this research has been successful in both accessing and increasing
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local (and researcher) capacity. The outputs of GCMs and future scenarios proved to be an 
effective tool to raise awareness, increase knowledge and identify priorities for ongoing 
research (Fussel 2007). Important links between social capital, social learning and climate 
change adaptation have been strengthened. Furthermore, links between climate change 
adaptation, environmental planning and planning theory have been articulated and proven 
effective in practice. An important contribution of this research is the construction of a 
framework of engagement with City practitioners, managers and stakeholders that is 
sensitive to the time constraints, which are often a reality for senior decision-makers.
The contributions related to this objective are potentially the most tangible outputs of the 
research, and should continue to inform both professional practice and academic knowledge 
regarding adaptation. Future research can further explore how social capital and effective 
engagement activities can offset barriers to adaptation, such as funding challenges and shifts 
in political agendas (UNISDR 2012).
Objective 3
To determine and prioritize the major impacts of climate change in Prince George.
Contribution and research opportunities
As illustrated in the results of the community-based workshop (Chapter 2) and the resultant 
adaptation strategy (Chapter 3), the impacts of climate change in Prince George were 
determined and prioritized. Although this objective was achieved, it is important to note that 
the adaptation priorities did not directly influence the topics of ongoing research. Ongoing 
research revealed that it was equally important to assess the degree to which priorities had 
already been addressed locally, and existing and emerging opportunities to integrate
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adaptation into processes. The main functions of the prioritization exercises were as a 
capacity building and communication tool, and a general guide for future action. Future 
research activities can examine how adaptation priorities differ over time (in Prince George 
and generally), between groups of people with differing priorities, and in response to 
implemented actions. Future research activities can also explore the ‘other’ impacts in Prince 
George in more detail. There is also a research opportunity exploring how to properly assess, 
compare and prioritize climate impacts that may not be properly valuated by traditional risk 
assessments. Future work could explore how the impacts identified by communities may be 
different in ‘top down’ versus ‘bottom up’ assessments.
Objective 4
To collaborate with local practitioners and relevant experts to proactively plan for 
climate impacts, and implement adaptation measures in Prince George.
Contribution and research opportunities
More research and action regarding implementation occurred in Prince George than 
expected, largely due to opportunities that were facilitated through additional project 
support. A prime reason that researchers were so successful in gaining support and attracting 
partners was the applied nature of the work and the ongoing collaborative relationship with 
the City of Prince George. A key component of the relationship with (and resultant support 
from) the City was that the research had a functional and pragmatic focus. Thus, this 
dissertation provides an important academic contribution as a successful example of action- 
oriented, case study research that is applicable to engineering and planning professions and 
to local governments.
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Eight initiatives in Prince George were pursued to address priority impacts, incorporate 
adaptation into local plans and perform additional research and analyses. However (as 
overviewed in Chapter 5), some of these initiatives were not ultimately perceived as 
successful and many are unlikely to continue or be implemented without further external 
support. A future research opportunity will be to revisit the eight initiatives and determine 
how (or if) they have proceeded in Prince George, and to explore why they have or have not 
been implemented. It would also be valuable to gain feedback regarding the adaptation 
project from the perspectives of local citizens who were not affiliated with and/or not 
supportive of the initiative. The long term effects of political changes (both past and future) 
on adaptation initiatives can be examined in more detail (UNISDR 2012), and the 
effectiveness of policies in local plans compared to actual implemented actions and other 
case studies. It will become easier to assess how implementation proceeds (or does not) in 
communities and how political changes affect adaptation as more local case studies progress 
in their adaptation planning.
Objective 5 
To provide a positive example of how a smaller, northern community in Canada can 
proactively and efficiently adapt to climate change.
Contribution and research opportunities
The Prince George case study illustrates many positive examples and advances in local 
climate change adaptation planning and implementation. The outputs will be particularly 
helpful to cities, towns and regions that are:
• northerly and/or facing impacts associated with rapid rates of climate changes;
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• faced with a number of pressing issues locally and constrained by limited resources;
• endeavouring to foster and apply social capital to enhance adaptation; and
• attempting to normalize adaptation into community planning, engineering, asset 
management and operational practices.
The concept of mainstreaming, as defined by Smit and Wandel (2006), has been extensively 
applied, and both opportunities and barriers associated with the concept identified. 
Mainstreaming was applied in Prince George, and, as a result, many opportunities were 
realized. Although mainstreaming is both a necessary strategy in local adaptation and an 
opportunity to increase chances of implementation, mainstreamed actions are particularly 
susceptible to external shifts. External shifts in Prince George have illustrated how 
adaptation is vulnerable to changes in political will and provide insights into the types of 
adaptation that are most likely to persist through changes in local government and public 
perception. Therefore, an important contribution of this research is the identification of 
shortcomings associated with mainstreaming, which become particularly important as 
adaptation planning enters implementation phases. Due to the drawbacks associated with 
mainstreaming, implementation strategies should not rely solely on incorporating adaptation 
into external initiatives. Adaptation strategies should outline plans for the creation and 
promotion of new, stand-alone projects. These may be more likely to persist through external 
changes, and also raise awareness and interest in climate action.
Because of recent local changes and a lack of ongoing support, the future of innovative and
proactive adaptation in Prince George is uncertain. However, the outcomes of many of the
actions undertaken (e.g., enhanced local capacity, a local adaptation strategy, and adaptation
measures incorporated into local plans) are of value and will encourage ongoing action,
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regardless of whether or not political or external financial support continues. The processes 
created and lessons learned from research in Prince George are broadly applicable to local 
governments and other organizations adapting to climate change. Ultimately, the relevance 
of the case study will be determined over time. Future assessments can determine: the extent 
to which adaptation actions are implemented and ongoing locally; if the City of Prince 
George has been able to maintain a high quality of life for its residents by planning for, and 
adjusting to, both expected and unexpected impacts related to climate change; and if lessons 
from the Prince George case study have been broadly applied. These outcomes can and 
should be compared to other case study outcomes.
As a case study, the results of this research can be difficult to replicate and/or share broadly 
with other communities. However, the greater lessons (e.g., regarding using projections, 
prioritizing impacts, mainstreaming adaptation, incorporating adaptation into local plans, 
implementing actions and examining the effects of external changes on climate action) are 
broadly applicable, particularly for smaller communities, northern cities, organizations 
seeking to act without large budgets and for researchers and practitioners seeking to 
transition beyond broad plans toward meaningful action.
Objective 6
To introduce new knowledge into both academic and professional bodies of literature.
Contribution and research opportunities
Several contributions to academic and professional bodies of literature have been made 
through this research, including:
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• insights into how climate model outputs can be communicated to practitioners and to 
the public, and how attributes of ‘bottom up’ assessments can be incorporated into 
‘top down’ assessments;
• the creation of a framework for a brief and directed local workshop with practitioners 
to outline priority climate impacts;
• the construction of a method to create an adaptation strategy by using a variety of 
different sources of information;
• insights into strategies to overcome barriers to adaptation and implement proactive 
actions;
• potential adaptation measures to address impacts which affect communities, and 
processes to begin to explore and address specific impacts;
• mechanisms to incorporate adaptation into local plans and policies;
• a case study example illustrating adaptation can be incorporated into planning 
processes and organizational approaches;
• examples of effective adaptation mainstreaming;
• insights into the limitations and drawbacks associated with mainstreaming;
• examples of how to engage in effective case study, action-oriented research projects 
that establish and build upon collaborations and yield tangible results;
• strengthened links between climate change adaptation and environmental planning, 
planning theory, social capital and social learning;
• insights into how planners, engineers, managers, local champions and politicians 
perceive and evaluate adaptation initiatives; and
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• insights regarding how political and personnel changes can affect adaptation at the 
local level, and regarding which types of adaptation actions are likely to persist 
through political change.
There is a myriad of future research opportunities related to these activities that should be 
pursued to enhance both the professional and academic literature. Activities of this nature 
include in-depth comparisons between multiple case studies within Canada and 
internationally, investigations into the primary drivers of adaptation and the development of 
best practices regarding specific impacts and practices. Research activities by Carmin et al. 
(2012) and others have begun to examine and assess large numbers of local-scale adaptation 
initiatives internationally, and identify common successes and challenges. The impacts of 
political changes on ongoing adaptation, and climate action in general, are relatively 
unexplored. The circumstances surrounding this case study provides unique insights into 
how politics and adaptation interact, and should be examined and discussed further.
6.3. Final summary
Based on the research outputs, the conceptual map of the research -  which was introduced in 
Chapter 1 as Figure 1-2 -  has been revisited and revised to reflect the major research 
outcomes and lessons learned (Figure 6-1).
Regardless of the way adaptation proceeds in Prince George in the future, there are many 
positive and negative lessons that can be derived from this exercise in interdisciplinary, 
action oriented, case study research. Researchers, practitioners, communities and 
organizations in Canada and around the world can learn from and build upon the outcomes
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of this study as they continue to address the challenge of bringing people together to 
proactively adapt to climate change, and reflect on and evaluate their actions to improve 
theory, policy and practice.
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Appendix A: Interview questions
Question ONE:
a. What is your current and previous professional position(s) and/or role(s) 
in the community?
b. How many years have you been a planner/engineer/politician/other
c. What is your relationship with the City?
d. What has been your role in climate change adaptation in Prince George?
Probes: How long have you been in Prince George? What does Prince George mean to
you?
Question TWO:
What is climate change adaptation, in your own words?
Probes: How does it differ from climate change mitigation?
Question THREE:
In your opinion, what is the present status of public support for climate 
change adaptation in Prince George?
Probes: Is adaptation a high priority? Will citizens support spending money on it? Is it
a higher or lower local priority than mitigation?
Question FOUR (Present participants with handout):
Out of the actions that have occurred in Prince George
a. Which have been the most effective and why? (ask max two)
b. Which should be continued or implemented with ongoing external 
support and why? (ask for max two)
c. Which are most likely to be continued or implemented without ongoing 
external support and why? (ask for max two)
Probes: Please consider the actions on the handout.
Question FIVE:
Out of the actions that have occurred in Prince George, which do you feel 
had the least benefit? Could you explain why?
Probes: Which activities could have been most easily skipped or refocused to other
priorities? Was there anything that should have been done that was not?
193
(If necessary go through the list of actions undertaken on handout.)
Question SIX:
Where will this project be in five years if there is no further external 
support?
Probes: If necessary go through list of actions undertaken again.
Question SEVEN:
In your opinion:
a. What have been the main barriers to date in implementing adaptation in 
Prince George?
b. What do you anticipate will be the main barriers in the future?
Question EIGHT (time permitting):
If the City had $200,000 to spend on adaptation in the next 2 years -  how 
would you recommend that it be spent?
Probes: If necessary go through list of actions undertaken again.
Question NINE (time permitting):
Envision what Prince George would look like if local adaptation 
measures are appropriately implemented: are there any indicators or 
benchmarks that we could use to judge success?
Question TEN:
Is there any additional information that you feel is important to 
understanding or implementing adaptation in Prince George that should 
be communicated? Any other thoughts/comments? Is there anyone else 
you think is important to interview to get their feedback?
Probes: Would you care to elaborate on a specific local activity, success or barrier
which you mentioned before?
Thank you for vour time and your ongoing support of this work!
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Appendix B: Overview of adaptation presented to interviewees
>  Incorporating adaptation into the mvPG Integrated Community Sustainability P lan:
Description: Researchers participated in the myPG process extensively, and the final myPG  plan contains 
extensive references to climate change and adaptation. Notable inclusions in the plan are: climate 
impacts are highlighted as one o f the main sources o f  future uncertainty; the City’s adaptation strategy 
(which outlines adaptation priorities for the City) is referenced in many locations as an important 
resource; and there is a section o f  the document entitled, “Reduce Carbon Emissions and Adapt to 
Climate Change.”
>  Incorporating adaptation in the Official Community Plan:
Description: Researchers created a policy brief outlining why and how adaptation should be included in the 
OCP, and the updated plan includes extensive adaptation. There is background information about 
climate change adaptation and an explanation why responding to climate change is important. There is 
content related to climate change and adaptation throughout the entire document (including the social, 
environmental, and economic chapters). Many references to adaptation that were included were not 
initiated by adaptation researchers, showing that the issue is a concern in many sectors.
>  Adaptation and Transportation Infrastructure
Description: Transportation is a broad topic, so two main topics o f focus were determined. These were:
/. Winter road maintenance and safety and climate change 
A study focusing on winter weather, maintenance and road safety is ongoing. The results will show how 
weather affects collision rates, how weather triggers snow and ice control operations locally and how 
these may be altered with climate change.
2. Road design and climate change 
There is great interested in how to better design roads in a changing climate. A great deal o f local 
interest was generated, in particular related to permeable concrete, and pilot projects are being 
considered.
>  Adaptation and Natural Areas and Ecosystems
Description: A project was already underway (Phase 1) to provide important wildlife habitat information 
and invasive plant species identification. Using the information from Phase 1, the City added further 
modelling and analyses to provide information on how undeveloped, natural areas could be impacted by 
climate change (Phase 2). Future phases (3 and 4) will utilize the City’s current online mapping tool, 
PGMap, to translate this technical information into a user-friendly format.
>  Adaptation and Flooding
Description: The City created a Flood Risk Assessment in 2009, and researchers worked with experts to 
include climate change projections into the assessment. Based on these projections, the consultants 
ultimately called for a freeboard allowance (i.e. vertical distance added to the flood plain as a safety 
factor) o f  1.0 metres to account for the potential impacts o f  climate change and the mountain pine beetle. 
Other actions and strategies to reduce flooding are discussed, such as storm-water management and land 
use planning.
>  Exploring adaptation and Forests
Description: Over the last decade, the City o f  Prince George has been adapting its forest management and 
operations to the changing climate. Researchers created a case study overviewing the many actions the 
City has taken related to reducing the risks o f  wildfires and create landscaped areas that are more 
resilient to the uncertain future climate. Recommendations for further collaboration and projects are 
made.
> Adaptation and Precipitation and Freeze-thaw
Description: Additional analysis is being done by consultants to provide more detailed information related 
to precipitation and freeze-thaw cycles in Prince George. A first report will overview changes in the 
Intensity, Duration and Frequency (IDF) o f rainfall and freeze-thaw; and a second report will discuss the 
significance o f  the results and recommended actions.
>  Other/ongoing/future Initiatives:
Initiatives examined include: Emergency response; Hazardous slope mapping; and Agriculture
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